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PREFACE

The relationship among the volumes of the report is depicted below.

This relationship does not convey all the information contained within each

volume.

Volume I
Results of Cost and Effec~tiveness Analyses and

Selection of Optimum Candidate Systems

IausofCt zdEffectiveness Asalsessmn ofd

414 SVolume UI

DelveloA ment of

Candidate Systems tj

Y Volume IV

VolumevVlvplume oI

* 1 1 Z~O nstaate o Ayst lyst

Caatrsi and Cos E t Iof MiPuian Pofiles of Seleted
Pelected Marie ices.S. Coast GuP Vessels

iv



SUIMMARY OI' WMB INSTALLAT.ION COST-.')

Vessel: VIGOROUS (210')

TYPE [Holding NSTAL-/
oltrrany Treatment/Disposal Ca acit\ LATION

Subsys Subsystem COST
/•J (Black) Black Gray /__/__._/ $

Gravity Holding Holding
Collect. Tank Tank 40 1 10,200

2 Oil Chrysler Holding
Recircul. +HldTnk Tank 53 1 13,230

3 (Chrysler' Chrysler' Holding
+ Incin. Tank. N /A

4 Gravity Grum Flow Holding
Collect. rhru+HldTk Tank N /A

5 (Grumman) Grumman Flow Thru
_ + Holding Tank N /A

6 Gravity Holding Grum Flow
Collect. Tank Thru+ HldTnk N/A

7 Grv Grum Flow Holding
Gravity Thru+Incin. Tank N, /A

Collect. Grumman Flow Thru
+ Incinerator N /A

9 Vacuum Holding Holding
Collect. Tank Tank 48 1 16,270

10(Jered) Incinerator Holding
Tank 100 1 23,530

1 GATX Holding
Evap. Tank N /A

12 Holding Grum Flow
Tank Thru+ Hld Tný N /A

13 Incinerator Grum Flow
_ Thru + Incin. N /A

14 M/T Holding Holding
Pump Tank Tank 100 1 13,650

15 Collect. Incinerator Holding
(GATX) Tank 100 3 20,890

GATX Holding
16 Evap. Tank 100 1 111,560

17 Holding Grum Flow
Tank Thru+Hld Tnk N,/A

18 Incinerator Grum Flow
6- Thru +Incin. N /A

N/A - Not a viable cand[date system for this vessel.

V
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INTRODUCTION

OBTECTIVES

The objectives of the installation analysis are as follows:

Development of pertinent vessel information necessary for the
cost and effectiveness analyses, including the following:

Existing physical conditions aboard the vessel, especially
in compartments where wastewater management system
equipments may be installed.

Existing wastewater management equipments/systems aboard
the vessel (holding tanks, garbage grinders, sewage treat-
ment systems, etc.).

Location of black and gray wastewater sources aboard the
vessel.

Vessel resource capacities and estimated usage rates (prior
to system installation).

Selection of the viable candidate systems as determined on the
basis of the feasibility of installation, using the governing
installation guidelines and assumptions.

Determination of the black/gray wastewater (or sludge) holding
tank capacities which can be fitted.

Development of installation cost estimates for each viable
candidate system.

Development of drawings showing the proposed arrangement
of the wastewater management system equipments for each viable
candidate as well as the arrangement of the black and gray
wastewater sources on board the vessel.

. Development of installation related effectiveness attribute data.

.1..... ..... ..



ASSUMPTIONS

The pertinent assumptions and guidelines governing the installation
analysis are presented in Volume IV of this report, along with the details
of each of the 18 candidate wastewater management system concepts in
configurations suitable for each vessel included in this study.

APPROACH

The installation analysis was performed in three stages consisting
of a preliminary Installation analysis, a shipcheck to establish viable
system/vessel combinations, and an installation cost analysis all of which
are discussed below. Prior to this analysis, visits were made to a number
of vessels to Inspect installations of the wastewater management subsys-
tems and equipments included in this study.

Preliminary Installation Analysis

The candidate ship's general arrangement drawings and piping
diagrams as furnished by the U.S. Coast Guard were reviewed at length to
determine existing conditions so that the WMS requirements delineated in
Volume IV could be applied to the vessel and a preliminary installation
analysis made prior to an actual visit to the ship. This approach was
intended to maximize familiarity with the vessel and to determine any pos-
sible questionable areas of interest. Each system was investigated as
functions (operation, mission, fuel stowage, water capacity, support

systems, etc.) and its relationship to the reportedly existing waste disposal
system*

In order to obtain as accurate a picture as possible, arrangement
drawings to scale were made from the ship's plans of the possible installa-
tion spaces and "dummy cut-outs" of WMS equipment (also to scale) were
used to determine if a proposed arrangement was feasible and if any problems
could be anticipated. The results of the preliminary installation analysis

:F are presented in Appendix A.

Sh12checks To Determine Viable Candidate Systems

Upon completion of the preliminary installation analysis, a detailed
shipcheck of the vessel was made. During this visit various factors bearing
on the investigation were considered, e.g., support systems (compressed
air, sanitary flushing medium, electrical power generation, salt water
systems, fresh water systems, fuel oil systems, etc.), correlation between
actual ship arrangement and that shown in ship's drawings furnished for the
study, relationship of other ship's systems and equipment to the location

2



and ir-9-l1ation of WMS components to determine interferences and reloca-
tions, ircess for shipping WMS equipment aboard, removals, relocations,
etc. The drawings prepared during the preliminary installation study were
checked out and modified to reflect actual shipboard conditions.

The discussion of the shipcheck results presents a verbal picture of
what conditions actually exist aboard the vessel and how these conditions
affect the viability determination of each wastewater management system.
The Installation acceptance or rejection rationale for each candidate WMS
is presented, complete with estimated tank sizes, equipment locations,
possible space modifications, relocations, limitations, exclusions, and
any other such considerations as may be necessary to obtain a lucid
understanding of the situation.

Vessel resource capacities (including the source of fresh water) and
estimates of usage rates (prior to WMS installation) were obtained from
interviews with cognizant officers. The locations of all black water (sewage
and garbage grinder slurry) and gray water (galley and turbid) waste
sources were determined.

The shipuheck also provided the necessary information to determine
the capacities (in gallons) of required black and gray wastewater (or sludge)
holding tanks (not part of manufacturer supplied wastewater treatment
equipment) which can be accommodated, as well as their configurations
(heights). This information was used to determine the black and gray waste-
water holding capacities of each viable candidate system (expressed as
a percentage of the required holding time). These results are presented
on the WMS Equipment Requirements form together with the other equipment
types and quantities required in order to synthesize each viable candidate
system on the vessel. This WMS Equipment Requirements form served as
the starting point for the cost and effectiveness assessments of each viable
candidate system.

Installation Cost Analysis

The following were generated as part of the installation cost analysis:

WMS equipment arrangement drawings for each viable candidate
system and arrangement drawings for the black and gray waste-
water sources aboard the vessel.

Installation related effectiveness attribute data.

Installation cost estimates for each viable candidate system.

3



The starting point for the installation cost estimates was the condition
of the vessel at the time of the shipcheck inspection. Each viable candidatesystem installation was then analyzed in terms of a fixed set of installation

cost elements. The Installation Cost Estimate Form shown in Figure I was
used to record the estimated requirements for each cost element and the
associated cost was computed. Each Installation cost element in Figure 1
is discussed below.

(a) Pipin - Wherever possible and applicable, existing piping runs
were retained for reuse as installed. Pertinent information contained in the
available ship's piping plans was used insofar as practicable. New piping
runs were estimated from these drawings and the system equipment arrange-
ment drawing prepared.

For estimatine purposes of this nature, it is usual marine practice
to use a dollars per pound of material to be installed. Therefore, an
estimated present-day price, including material and labor to install, was
placed at $4.S0/lb.

For the sake of uniformity and simplification since the WMS
evaluations are comparative, the piping material used is copper-nickel.
It is iecognized that most waste disposal piping systems under considera-
tion in the U.S. Coast Guard vessels are of copper-nickel, although some
PVC (plastic) piping and a small amount of steel is used. Since the
established guidelines call for the principal piping (drainage) to be of
copper-nickel it was considered that for the relatively small additional
piping, such as vents,,the use of copper-nickel for all piping components
would not adversely influence the overall results. Accordingly, the amounts
of each size piping were estimated and a factor of 50% added to allow for
valves, flanges, fittings, take-down Joints, etc.

(b) Steel - For this part of the cost estimato only the steel involved
in the various shipyard supplied tanks is considered. Foundations are a
separately treated item. For these tanks it was considered that one-quarter
inch plate would be a good average thickness. Since the tanks would have
to be structurally stiffened for proper support, a factor of 30% was added
to the plate weight. The weight estimate was derived from the system
guidellne size requirements translated into configurations as shown on the
qquipment location and arrangement drawings.

For cost estimating of this nature, it is usual to apply a cost per
pound figure. It was considered that a good current price of $0.55/lb.
would cover material and labor for fabrication and placing on board. This
does not include the cost of fixing the tanks permanently in place by welding.
This is a separate consideration.

4



( ~'1
WMS INSTALLATION COST ESTIMATES

Vessel

WMS No.

Installation Quantity RequirediiCost Element Unit Assumed Unit Cost (estimated Cost()

. number of units)

Piping() Pounds (Materials and Labor)

Tank Steel(3 Pounds (Materias and labor)(
Fondtin Puns Materials and Labor)

'JFoundations Pounds $.2•.•
(materials and l.abor) i

ElectricFeet $ 2.00/Ft.
Cables Fet (Materials and labor) •

Miscellaneous -

Installations (pumps, Man- $15.00/MN
motors, skid-mounted Hours (Labor)
components, etc.) _

Access Cuts (in hull,
deck plating or Feat $ 1.00/F,'
bulkhead to provide (Labor)
passageway)

$ 6.00/Ft.
Welding Feet (Materials and Labor)

$50. 00/Hr. e
Cutting Hours (Labor)

>U ---------------------------------------------------------------------- --------- --------

Other Man- $15.0O/nM
(miscellaneous Hour (Labor)hanlig)Hours (Labor)
handling)

Total Installation Cost (S)

(1) Copper-nickel ausmed.
(2) Esmtimatenclwude & factr of 80% added to mow for valve, faMges, AftV. tali-down Jotin, .t.
(3) C.e-qmuhrax inch plata assumed.
(4) Estmate include a factor of 30% added t allow for requred smtctural stiffaing for proper support.
(8) Estimated on the basi of 1056 of the weght which has to be supported.
(6) Based on an assumed cu".ng rate of SO. /hr.

Figure 1

INSTALLATION COST ESTIMATE FORM
5



(c) Foundations - Supporting steel structure for all components
of each WMS (tanks, pumps, MSD, incinerators, etc.) was estimated as
approximately 10% of the weight which has to be carried. This is a usual
rule of thumb for this type of installation. Fabrication and installation
costs for material and labor were taken as $0.92/lb. based on consideration
of today's average costs. The weights were estimated from the tank con-
figurations and contents as well as the component weights given in Volume IV.

(d) Electrical Power Cable - The amount of footage was estimated
from the ship's arrangement plans and the WMS equipment arrangement
drawings prepared, with allowances for the devious routings which could
be encountered. Since ship alteration work is usually more complex than
"new construction, allowance as made for less installation per unit time.
Therefore a cost of approximately $2.00/ft. of cable was used to cover
material and labor.

(a) Miscellaneous Installations - To cover the installation of various
items such as pumps, motors, skid-mounted components, etc. where the
activity centers principally around alignments and bolting in place, an
estimate was made of the amount of time it would take to perform the tasks
for each system installation, since the number and type of components
varies. An estimated shipyard labor cost of approximately $15 per man-
hour (M11) was considered representative.

(f) Access Cuts - In order to get material and components into the

compartments where they would be fitted it could become necessary to
temporarily cut the ship's hull, or deck plating or a bulkhead to provide

passageway. The number of feet of cutting was estimated for each system
installation based on the approximate size of the largest component anticipated.
Estimated shipyard cost for such cutting is approximately SI.00/ft.

(g) Welding - This consideration includes securing tanks and non-
bolted items and welding back any plating temporarily cut to provide access.
An estimate of the number of feet of welding was made for each item in
each system and a cost factor of $6.00/k was considered satisfactory to
cover material and labor.

(h) Removals - In cases where some existing equipment would have
to be cut and removed from the vessel as no longer required, an estimate
was made as to the approximate length of time it would take a team of two
men to accomplish certain tasks. Estimated factors of $50/hour for cutting
(based on an estimated cutting note of 50 ft/hour) and $15/man-hour (MH) for
miscellaneous handling labor were considered representative of such costs.

6



(i) Other Considerations - The installation cost estimates do not
p include some shipyard costs which yards to include as a matter of quotation

to perform a certain ship modification. Such intangibles would include:
cleaning and gas-freeing tanks, temporary removals or modifications to
ducts, piping, electric cables, machinery, ship's outfit or furnishings,
etc. and re-installation to existing state after the basic modification has
been completed; cleaning, preparing and repainting the compartments and
parts of the steel work distrubed, use of special rigging and shipyard
lifting gear; and other work items which are part of a hipyard's everyday
business and which are normal for them to price out.

If a complete ship alteration ptice is desired, it would involve draw-
ing up a complete set of specification and drawings in sufficient detail for

a shipyard's estimating department to analyze at length. If possible, yard
personnel would prefer to visit the vessel for a more accurate cost estimate to
eliminate or minimize costs which it could possibly have to absorb.

One of the most difficult factors to consider wnd which is not obvious
but which is very much a determinant is the shipyard's workload or backlog.
If there is a convenient "hole" in the yard's work schedule, the price could
be made attractive since it would provide needed economic continuity for
its work force and facilities, Certainly if there is little or no other work :

in the offing, the yard will be inclined to "buy" the Job by bidding lower than
it normally would.

Thus it can be seen that there will be additional costs to those
detailed herein, if one is interested in a "finishod product" price than a
comparative estimate.

LIMITATIO NS

The installation cost estimating procedures used are considered to be
fairly general and applicable for study purposes of this type which places

greater emphasis on relative cost among candidate systems rather than on the
absolute cost for a given system. However, the installation cost estimates
developed herein are based on specific vessel conditions, wastewater
managoment system requirements and the governing installation guidelines
and assumptions. Therefore, caution is advised in attempting to use these
estimates directly for vessels and/or systems other than those specifically
included in this study.

7
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PERTINENT VESSEL INFORMATION

VIGOROUS (210')

Ves.sel
Characteristic Date

Class WHEC - 627
Resolute (210') B Class

Type Medium Endurance Cutter

-Crew Size 60

Home Port Now London, Connecticut

- ,



SHIPCHECK OBSERVATIONS OF EXISTING VESSEL CONDITIONS

VIGOROUS (210')

Crew 60 Men

Waste Sources

Complete information on the sewage and gray water waste sources
Is contained in the tabulation sheets forming a part of these introductory
remarks.

The vessel is fitted with a salt water sanitary flushing system
via two (2) pumps (but no hydropneumatlc tank).

The fresh water system is served by two (2) pumps with a
hydropneumatic tank.

Compressed air is furnished via three (3) separate systemswith their own tanks (ship's service, diesel starting, and control air).

As mel Is consumed, tfnshe va then emptied are then filled

with sea water ballast as required. There are no other means for ballasting
or weight compensation.

The vessel is fitted with separate drainage systems, one for
sewage and one for galley and turbid. The system drains from the various
spaces are combined with similar drains from other spaces where possible,
forming small mains which, in turn, combine and eventually enter the Sewage
Treatment Space (3-84-0-Q) on the Third Deck. This space contains a Galley
and Tlrbid tank of approximately 100 gallons capacity and a Sewage Thnk of
approximately 680 gallons.

"The sewage maine enter the sewage tank and the galley/turbid
mains enter the galley and turbid tank but a valved crossover permits gray water
to be routed to the sewage tank if necessary. 'There is no gravitational system
overboard. Drains collected in these tanks are pumped overboard and to
pierside via special connections in the weather, port and starboard.

9



Special Remarks

There appear to be some spaces which are otherwise utilized

at present but which are identified for future assignments (armament, navigation,
etc.) necessary for the vessel's operation proftle. These are not considered
avAilable for purposes of this investigation. There were no other spaces found
suitable for any parts of the various system installations.

There is no ship's stack, since engine exhausts are routed aft
through the stern. Therefore, running incinerator stacks will require particular
investigation. The solutions are not immediately apparent and would require
additional study and approval before the speciftc waste management systems
involved would be considered viable unconditionally. Illustrative of the complexity
of a possible consideration is to run the stack into the IC & Gyro Room, up
through the linen locker and closet on the next deck, then up through one end
of the Ward Room on the Main Deck, up through a corner of a Stateroom on the 01
Deck, up through the Naval Stores Closet on the 02 Deck and up to the weather
on the Bridge Deck to port of the mast. The run would have to be well insulated
and sheathed wherever it passes through a space.

10
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LOCATION OF BLACK WATER *WASTE SOURCES ABOARD A VESStl,
Vessel: VIGOROUS (WHEC .627) - Resolute (210') B Class

(J.•

C/ SCompartm0nt

S79 -F4 02 p Toilet 0 .

44-59 01 P C.O. SRT and S1 1
55-59 01 CL W. R. 8 RT and A10 1
7247 01 CL/S Spare WRT. and S 21 30
52-65 CL/P Crew's T and Si!32-52 2 CL/S Crew's T and S 111

52-72 2 CL/P Crew's T endS 2 1 12
.E4.S Eng. Off SRT and S 2 0 1
72.E3 2 P W.R, SRT and S
72-S9 2 8 W.R. 1RT and S 1 0 d

7-3 2 P WR.STadS10 196-I0E 2 CL/A C.P.O. T and S 4

II

*Sewaye (output from commoces and urinals) and aarbeiqe arinder slurry. -12



L(C('AlII)N (11' ( ;IAY WATIE:R Wv\'AI;: ,'; ')UNc':P; tIC)Aj1) A Vl:;$gI:r,

Vessel: VIGOROUS (WHEC - 627) Resolute (210') B Class
Page I of 2

V2o Sourc2 (2C l•

0 ZS

32-52 2 S Crew's T arnd S Lavatories (3)

32-52 2 CL Crew's T and S Shower (Dl'

52-72 2 CLP Crew's T and S Lavatories (41
52-72 2 P Crew's T and S Showers (2)

72-69 2 CLP W.R. T and S Lavatories (21
72-93 2 P jW.R. T arnd S Showers (2)

84-ES 2 S Eng. Off. T and S Lavatory (1) 3
e4-88 2 S IEng. Off. T and S Shower (1)

783 2 P W.R. T and S Lavatory (1)
72-69 2 S W.R. T and S Lavatory (1'

72-E3 2 P W.R. T and S Shower (1)

72-89 2 S W.R. T and S Showe" (1)

96-10I 2 P C,P.O. T and S Lavatories (2l

99 2 P Passage Way Drinking Fountain Drain to Turbid
Collection Tank

96.106 2 P C.P.O. T and S Shower (1)

156-172 2 S Commissary Stores Drain from Freezer
Freezer

156-172 2 p Commissary Stores Drain from Ice
!Cube Mach.

156-172 2 p Commissary Stores Drain from Refrig.
Locker

84-9b 3 CL Sewage Treatment Retention Tank
Space (600 gall

Retention Tank
-• - - -_-.--00-gall

157-172 3 P Refrig. Mach. Space Refrig. DrainI Tank

• Galley and turbid wastewater.
13



LO.C(.ATI()N O1' C:IAA' WAT.I FI WA:'• SOUI •I( jui 11,AI) A VESSEl,
Ve9ssel: VIGOROUS (WHEC - 627) - Rosolute (210') 13 Claqs

Page 2 of 2

,½; .g yy. -- 7 7 7 7 7 ?llf:tz NaaSuc Corn-ents

i 79-E4 2 p Toilet Lavatory (1)
76 02 P Passage Way Water Fountain Drain to TurbidS44-59 01 p C OT. and S Shower (1) Collecting Tank

44-59 01 p CO.T, and S Lavatory (1)
55-59 01 CL W.R, SR T and S Lavatory (1)

I Shower (1)
S72-87 01 CL Exec. Off. Tend S Shower (1)

Lavatory (1)
72-E7 01 S Spare T and S Shower (1)

I 'Lavatory (1)
20-32 1 CL Laundry Washers (3)
52-65 1 CL Crew's T and S Showers (2)
52-65 1 P Crew's T and S Lavatories (41
93-100 1 P W.R, Pantry Sink (1)
93-,' O 1 p W.R. Pantry Garbage Grinder (Not operatingci

113-115 1 P Scullery Sink (11
113-115 1 p Scullery Dishwasher (1'

.113-115 1 P Scullery Garbage Grinder
S146-159 1 CL Galley Drain from steam

table
146-159 1 CL Galley Drinking Fountain Drain To Turbid

Collection Tank
146-159 1 P Galley Sink (1'
146-159 1 S Galley Kettles (2'
146-159 1 S Galley Sink (1)

* Galley and turbid wastewater.

14

.. ... ...



E-4E

io15



LINE OF aRiogE
DECK (OVER')

Ulf.a DEC

E EV~LECT LOORINJ CODI P RM,

SRIZG DECK

I=T,



TAI1

0A-WSR.0. 01 44-02L

5V 01.75H L A.

S• • - DI•CO C-ABIN •

L 01 DECK

QL~.JQ SN SH I B

I/. I,0

EXEC 0 SR ON

fO IfDk. ' _. ... . ' 'I, 1

rLs /, SR 5 S

E 0 9- 67,0-L 01 44' .4- - 0-

/ IC) 87/ I

I IsS.. I LO,' M S AFT

__________ V4"II-0"

. / __ 0 1.__.- 59-0-L

PLAN~, ELEVATION I SECTICONJ

17



I

I I

V

i�i�;t _

N

_______________________ '1

18



SulI•.

- iiII

'V C-

, - -I,- il _

SI I,,-+

•C ' -- (' ' I "- -'j... . - -- '"_. I

, '-- -

19+



0 0Cc

ca -C

I -

- ,0

0, Q

alC

zZ$Vf:Ir H LIL.i

C w

co v

- OE.J

11 11 'aI I



DISCUSSION OF INSTALIATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 1 Full Volume Flush Gravity Collection/Holding Tank for
Black Water/Holding Tank for Gray Water

Required

Sewage Holding Tank 5, 418 gal. (724 cu. ft.)
Galley/Turbid Holding Tank 15, 480 gal. (2069 cu. ft.)

Sewage Holding Mink 1,o (2)
Overboard Pump

G/T Holding Tvnk TWo (2)
Overboard Pump

Discussion

The system is a viable candidate subject to certain
limitations.

Equipment would be arranged in the existing Sewage 7eatment
Space (8-84-0-Q) on the Third Deck as follows:

(a) Due to space limitations the Sewage Holding Tank would
be restricted to 2, 154 gallons (288 cu. ft.). The tank would be approximately
6'L x 8'W x 6'H and would straddle the vessel's centerline at the forward end
of the compartment.

(b) The galley and turbid drains cannot gravitate overboard
since the vessel's waterline is just under the Second Deck level. Therefore,
a minimum gray water holding tank would be fitted. The tank would be 150
gallons (20 cu. ft.), approximately 2 ft. in diameter by 6 ft. high, and located
aft and to stbd of the Sewage Holding Tank.

(c) The Sewage Holding Tank Overboard Pumps and the Gray
Water Holding Tank Overboard Pump would be located at the aft end of the
compartment.

21



Vessel-: VIGOROUS (2101)

System No. 1 (cont'd.)

a Drainage woud be as follows:

(a) Sewage from all spaces would gravitate to the Sewage Holding
Tank for discharge overboard and pierside via the tank's pumps.

(b) Galley and iTrbid water would gravitate to the small gray
water holding tank for discharge overboard in unrestricted waters and diverted
to the Sewage Holding Tank in restricted waters and for pterside discharge.

211..f
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PROPOSED WMS EQUIPMENT ARRANGEMENT/
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WMS INSTALLATION COST ESTIMATES

Vessel VIGOROUS (210')

WMS No. l

Quantity RequiredInstaElement Unit Assumed Unit Cost (estimated Cost (W)
number of units)

$ 4. 5O/Lb. •.,:
Plping(l) Pounds (Materials and labor)

Tank SteeS b PoundsTn tePons(Materials_, "a nd Labor) 4,0o10 (5 2, 2o06i

Foundations Pounds $ .2 2,410 2,218(Materials and Labor)

Electric Feet $' 300 600.0/
Cables (Materials and Labor) 3

Miscellaneous - $1 . ../MH
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525
comp onents, etc.)
Access Cuts (in hull,
deck platng or Feet $ 1.00/t. 55 55
bulkhead to provide (Lbor)
passageway) (Labor)

Welding Feet: $ 6.00/Ft.
(Materials and Labor) 95 570

$50.00/Hr. 21)Cutting Hours (Labor) 25 1,250

--- - -- -- -- -- -- -- ----------- - -------- - --------- - ---------- -- ----o Other

Man- $15.00/MH( miscellaneous
h(iclan es Hours (Labor) 35 525

Total Installation Cost ($) 10, 199

(1) Copper-zcikel Asumed.
(2) FUtimate Icluds a factor of 605% added to allow for valvea, flangeo, f8tnip. take-down Joint$, etc.

(3) One-quarter inch plat•a usumod.
(4) E0tmate includes a factor of 306 added to allow for requited sructural stiffening for proper support.
(8) stimated on the basi of 10% of the weight which has to be supported.
(6) Bued o an assumed cuing rate of 80 ft. /hr.

24
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 2 Full Volume Flush Oil Recirculation and Gravity Collection/
Chrysler System with Sludge Holding Tank for

Sewage/Holding Tank for Gray Water

Required

Sewage Holding Tank 1, 011 gal. (135 cu. ft.)
Galley/Thrbid Holding Tank 15,480 gal. (2069 cu. ft.)

Chrysler Model and Quantity
Opdion A Option B Option C

Separation Tank One(l) - A/B One(l)-A & Three(S)-A
One(l)- A/B

Fluid Maintenance One(1)-A `IWo(2)-A Three(3)-A
and Pump Package

Sewage Holding TAnk IWo(2)
Overboard Pump

G/T Holding Tank TWo(2)
Overboard Pump

Discussion

The system Is a viable candidate subject to certain
limitations.

Equipment would be arranged in the existing Sewage Tkeatment
Space on the Third Deck as follows:

(a) Due to space limitations the Sewage Holding Tank w6uld be
restricted to 538 gallons (72 cu.ft.), approximately S'L x 4'W x 6'H, located
at the forward stbd end of the compartment.

(b) The minimum gray water holding tank discussed In System No. 1

would be located In the aft stbd corner of the compartment.

(c) There Is room only for Chrysler Option A. The components
would be fitted along the ship's centerline, with the Separation Tank aft. 1

(d) The tank overboard discharge pumps would be located aft of
the Sewage Holding Tank.

25



Vessel: VIGOROUS (210')

System No. 2 (Cunt'd)

Drainage would be as follows:

(a) Sewage from all spaces except the garbage grinder would
gravitate to the Chrysler Separation rank.

(b) Garbage grinder drains would gravitate to the Sewage
Holding Tank.

(c) Galley/Turbid drains would gravitate to the small gray water
holding tank for discharge overboard in unrestricted waters and to the Sewage
Holding Tank or pierside when overboard discharge is not permitted.

2

26

6trI i BI.&n....~~ ik -~< . . ~ .. kt e dA.fI~A



PROPOSED WMS EQUIPMENT ARRANGEMENT-
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WMS INSTALLATION COST ESTIMATES

Vessel VIGOROUS (210')

WMS No. 2

Installation IQuantity RequiredCost Element Unit Assumed Unit Cout (estimated Cost ($)
number of units)

(2)
Piping(1) Pounds M and 1,705 7,673

(Materials and Labor)

Foundations Pounds $ .59/Lb. (4)
Tn te(Materials and Labor) l 4 ,0

$ . 92/th.()
Foundations Pounds (Materials and Labor) 1,105 1,017

Electric $ 2.00/Ft.Cables (Materials and Labor) 375 750

Miscellaneous , .

Installations (pumps, Man- $15.00/MH
motors, skLd-mounted Hours (Labor) 35 525

components, etc.)
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 55
bulkhead to provide (Labor)
passageway)

$ 6. 00/Ft.
Welding Feet (Materials and Labor) 60 360

$50.00/Hr. (0)Cutting Hours (Labor) 25 1,250

-------------------------------------------- -----------------
(Other nu Man- $15.00/M-H
(miscellaneous Hours (Labor) 35 525
handling)

Total Installation Cost ($) 13,222

(1) Copper-niclkl assumed.
(2) Estimate includes a factor of 5007 added to allow for valve, flanges, flttinp, tale-down Joina, etc.
(3) Oee-quanrt inch plate aasumed.
(4) Estimate includes a tfactor of s00o added to allow for required structural stiffening for proper support.
(5) Estmated on the bads of 10% of the weight which has to be supported.
(6) Based on an asumed cutting rat of 80 ft. /hr.
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DISCUSSION O INSTALLATION BASED ON SHIPCHECKS

VesseK. VIGOROUS (210')

WMS No. 3 Full Volume Flush Oil Recirculation and Gravity Collection/
Chrysler System with Incinerator for
Sewage/Holding Tank for Gray Water

Require~d

Galley/Turbid Holding Tank 15, 480 gal. (2069 cu. ft.)
Sludge Surge Tank One (1) - Model B
Incinerator Model and Quantity One (1) -Model C

Chrysler Model and Quantity Option A Option B Option C

Separation Tank One (1)-A/B One (1)-A Three (3)-A
One (1)-A/B

Fluid Maintenance
and Pump Package One (1) -A Two (2)-A Three (3)-A

Sludge Surge Tank
Transfer Pump One (1)

Overboard Pump One (1)

Galley/Turbid Holding Tank
Overboard Pump Two (2)

Discussion

The system Is not a viable candidate.

The Chrysler Option A components, a minimum gray water holding
tank (similar to System Nos. I and 2), the Sludge Surge Tank and the pumps
can be fitted in the compartment. However, there is insufficient room for the
incinerator installation.

29
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKSI1
Vessel: VIGOROUS (210)

WMS No. 4 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Holding Thnk for Black Water/

Holding Tank for Gray Water

Required

Sewage Influent Surge Tank 313 gal. (42 cu, ft.)
Galley/Turbid Holding Tank 15,480 gal, (2069 cu. ft.)
Sludge Holding Tank 452 gal. (60 cu. ft.)

Grumman Unit without
Incinerator One (1)

Influent Surge Tank Pump One (1)
Influent Surge Tank Overboard

Pump Two (2)
Galley/Turbid Holding Tank

Overboard Pump Two (2)
Sludge Holding Tank Transfer

Pump One (1)

Discussion

The system is not a viable candidate.

Due to the quantity and configuration of the equipment required and
the piping involved, there appears to be insufficient space available for a
functl:)nal arrangement and for maintenance and repair in the existing Sewage

Treatment Space on the Third Deck.

30
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 5 Full Volume Flush Gravity Collectlon/Grumman Flow Through
System with Sludge Holding Tank for Combined

Black and Gray Waters

Required

Inrfluent Surge Tank 1235 gal. (165 cu. ft.)
Sludge Holding Tank 1742 gal. (233 cu. ic.)

Grumman Unit without
Incinerator Two (2)

Influent Surge Tank Pump Two (2)
I•iluent Surge Tank Overboard

Pump Two (2)
Sludge Holding T,,nk Transfer

Pump One (1)

,Discussion

The system is not a viable candidate.

There is insufficient space to include all the, equipment required
especially due-to the space required-by the Grumman MSD's in the existing
Sewage Treatment Space on the Third Deck.

31
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DISCUSSION o0 INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 6 Full Volume Flush Gravity Collection/Holding Tank for
Black Water/Grumman Flow Through System with

Sludge Holding Tank for Gray Water

Required

G/T Influent Surge Tank 922 gal. (123 cu. ft.)
Sewage Holding Tank 5,418 gal. (724 cu. ft.)
Sludge Holding Tank 1, 290 gal. (172 cu. ft.)
Options] Combined Sewage/

Sludge Holding Tank 6,708 gal. (897 cu. ft.)

Grumman Unit without
Incinerator Two (2)

Sewage Holding Tank
Overboard Pump Two (2)

Influent Surge Tank Pump Two (2)
Influent Surge Tank Transfer

Pump One (1)
Sludge Holding Tank Transfer

Pump One (1)

Discuss ion:•,i!

The system is not a viable candidate.

There is insufficient space available in the existing Sewage Treatment
Space on the Third Deck for anything other than a partial capacity Sewage
Holding Tank and its overboard/pierside pumps.

32
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210') 4

WMS No. 7 Full Volume Flush Gravity Collectton/Grumman Flow Through
System with Sludge Incinerator for Black Water/Holding

Tank for Gray Water

Required

"Galley/Turbid Holding Tank 15, 480 gal. (2069 cu. ft.)
Sewage Influent Surge Tank 313 gal. (42 cui. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu. ft.)

Grumman Units with Incinerator One (1) with One (1) Thiokol
influent Surge Tank Pump One (1)
Influent Surge Tank Overboard

Pump T'wo (2)
Galley/Turbid Holding Tank

Overboard Pump Twu (2)

The system is not a viable candidate.

There is insufficient space to include all the equipment required,
especially due to the space required by the Grumman MSD in the existing
Sewage Treatment Space on the Third Deck. i
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS I

Vessel: VIGOROUS (210')

WMS No. 8 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Incinerator for Combined

Black and Gray Waters

Required

Influent Surge Tank 1, 235 gal. (165 cu. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu. ft.)

Grumman Units with Two (2) with
Incinerators Two (2) Thiokol Incinerators

Influent Surge Tank Pump Two (2)
Influent Surge Tank Overboard

Pump Two (2)

Discussion

The system is not a viable candidate.

There is insufficient space to include all the equipment r'!quired,
especially due to the space required by the Grumman MSD a with their
incinerators in the existing Sewage Treatment Spare. on the Third Deck.
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DISCUSSION OF INSTALLATION BASMD ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 9 JERED Reduced Volume Flush Vacuum Collection/Holding
Tank for Concentrated Black Water/Holding Tank

for Gray'Water

Required

Vacuum Collection Tank Ass'y 250 gal. (165 cu. ft.)
Sewage Holding Tank 1,540 gal. (206 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)

Sanitary Holding Tank
Overboard Pump Two (2)

Galley/Turbid Holding
Tank Overboard Pump Two (2)

Discussion

ce The system is considered to be-a viable candidate subject•, ~to certain limitationes,•:

Re-use of existing piping arrangements would have to be considered. *1
A fresh water sanitary flushing system would be required.

Equipment would be arranged In the existing Sewage Treatment Space
on the Third Deck as follows:

(a) Due to space limitations the Sewage Holding Tank would be
restricted to 740 gallons (99 cu. ft.), approximately 5'-6" L x 3' W x 6' H,
located in the aft end of the compartment, port side.

(b) The minimum gray water holding tank discussed in System No. 1

would be located at the forward end of the compartment, port side.

(c) The vacuum collection tank assembly would be located at the
forward end of the compartment, starboard side.

(d) The various overboard/pierside discharge pumps would be
located at the aft end of the compartment, starboard side.

35



Vessel- VIGOROUS (210')

System No. 9 (Cont'd)

Drainage would be as follows:

(a) Sewage from all spaces would be collected by vacuum in the -:

vacuum collection tank assembly. The garbage grinder drains would require
a special vacuum valve similar to a urinal discharge type valve to permit
proper collection.

(b) Galley and Turbid drains would gravitate to the small gray
water holding tank for discharge overboard in unrestricted water and to
the Sewage Holding Tank or pierside when overboard discharge is not
permitted,
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PROPOSED WMS EQUIPMENT ARRANGEMENT
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WMS INSTALLATION COST ESTIMATES

Vessel VIGOROUS (210')

WMS No. 9

Installation Quantity Required
Coat Element Unit Assumed Unit Cost (estimated Cost ($)

number of units)
$ 4,60/tb.. .. . =

Piping(l) Pounds 2,3 10,035b(Materials and Labor) 2,230 10,035

Tank Steep) Pounds $ .55/Lb. 2,0 1(Materials and Labor) 2,080 1,144

Foundations Pounds $(Mteils nd Labor) 1.730 1,592

Electric Feet $ 2. 00/Ft. 3
Cables (Materials and Labor) 375 750

Miscellaneous
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 35 525
componentsp etc. .
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55 55bulkhead to provide (Labor) -I
passageway)

Welding Feet $ 6.00/Ft.
(Materials and Labor) 65 390

$50.00/Hr. Q3)

Cutting Hours (Labor) -25 1,250

SOther=•(miscellaneous Mn 1.0•-
h(iclan es Hours (Labor) 35 525

- handling)

Total Installation Cost ($) 16,266

(1) Copper-nickel Amumed.
(2) DWmae includes a factor of 30% Added to a&ow fr valves, tliages, ttitnp, take-down Jomt, eag.
(3) One-quarter Inch PLaN aUumed.
(4) Estmate inludes a factor of 30% added to allow for requird structral atffening for proper support.
(8) Simatad on the bas of 10% of the weight which has to be supported.
(0) Based on an assumed cutting rata of 80 ft. /hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 10 JERED Reduced Volume Flush Vacuum Collection/Incinerator
for Concentrated Black Water/Holding Tank for Gray Water

Required

Vacuum Collection Tank Assembly 250 gal. (165 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Fuel Oil Day Tank 61 gal. (8.2 cu. ft.)

Incinerator One (1) Jered
Galley/Turbid Holding Tank

Overboard Pump Twvo (2)

Discuss ion

The system is a viable candidate subject to certain
limitations,

Re-use of existing pip.ng arrangements would have to be considered. Jlý
A fresh water sanitary flushing system would be required.

Equipment would be arranged in the existing Sewage Treatment Space

on the Third Deck as follows:

(a) The vacuum collection tank assembly would be fitted at the aft end
of the compartment, predominantly to port.

(b) The incinerator, blower and fuel oil day tank would be fitted to
starboard of the vessel's centerline.

(c) The vessel does not have a stack, since the diesel engine
exhausts run aft to the weather via the transom stern. This apparently will
offer complications as to if and how the incinerator stack can be satisfactorily
led to the weather. See the Special Remarks in the discussion at the beginning
of this Section, Fire fighting protection and possibly the space ventilation will
have to be modified.

(d) A minimum gray water holding tank (approximately 2'-3" L x
V'-6" W x 6' H) would be fitted at the forward end, port side.
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Vessel: VIGOROUS (210')

System No. 10 (Cont'd)

(e) The gray water holding tank pump would be located In the

forward starboard corner.

Drainage would be as follows:

(a) Sewage from all spaces would be collected by vacuum In the
vacuum collection tank assembly. The garbage grinder drains would require
a special vacuum valve similar to a urinal discharge type valve to permit
proper collection.

(b) Galley and Turbid drains would gravitate to the small gray
water holding tank for discharge overboard and to pierside.
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PROPOSED WMS EQUITPMENT ARRANGEMENT-
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r WMS INSTALLATION COST ESTIMATES

Vessel VIGOROUS (210'."

WMS No. 10

Installation Quantity Required

Cost Element Unit Assumed Unit Cost (estimated Cost ($)
( tinumber of units)

$ 4. 50/Lb.i ~ Piping(l) Pounds (teis nLbo) 4,265 19,193.-.

"(Materials and Tabor) 460 253

Foundations Pounds $ 253

(Materials and Labor) I, 75 1,081

Electric Feet $ 2.00/Ft.
Cables (Materials and Labor) 225 450

MiscellaneousI
Installations (pumps, Man- $15.00/MH
motors, skid-mounted Hours (Labor) 20 300

•' •components, eta.) _
Access Cuts (in hull,

deock plating or Feet $ 1.00/Ft. 55 55
bulkhead to provide (Labor)
passageway) -

i Welding Feet $ .0/tS$ 6,00/Ft.

(Materials and Labor) 70 420

"$50.00/Hr. )
Cutting Hours (Labor) 25 1, 250

S Other Man. $15.00/MHS• (mi.scellaneous
( enHours (Labor) 35 525

P, handling)

Total Installation Cost ($) 23,527

S(1) Cop~er-n•ohel resumed,

(2) Etmate inoluda A factor of 5001, added to all&ow for valve, flatge, Attlap, talm-down Jontw, .1et
(3) Ot-quaner Inch plate auumed.
(4) S.dmaw hlude a factor of 30% added to allow fbr requited ructural 3iffuen for proper oupport.
(8) adtmated on the bass of 10% of the weigh which has to be supportd.
(6) Based e an amumed ounvau rars of 80 ft. tar.
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DISCUSSION OF INSTALIATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 11 JERED Reduced Volume Flush Vacuum Collection/GATX
Evaporator for Concentrated Black Water/Holding Tank

for Gray Water

Required

Vacuum Collection Tank Assembly 250 gal. (165 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)

Evaporator (OATX) Three (3)-60 gal.
Catalytic Oxidizer Three (3)
Galley/Turbid Holding Tank

Overboard Pump Two (2)

Discussion

The system Is not a viable candidate.

There is insufficient space to include all the equipment required,
especially due to the space required to fit all the evaporators and their piping
in the existing Sewage Treatnent Space on the Third Deck.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 12 JERED Reduced Volume Flush Vacuum CollectIo n/HoId Ing
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

ROqquired
G/T Influent Surge Tank 922 gal. (123 cu. ft.)

Sludge Holding 1,290 gal. (172 cu. ft.)

Vacuum Collection Tank Assembly 250 gal, (165 cu. ft.)
-Sewage Holding Tank 1, 540 gal. (206 cu. ft.)

Grumman Unit without Incinerator Two (2)
Influent Surge Tank Pump Two (2)
Sewage Holding Tank Overboard

Pump Two (2)
Sludge Holding Tank Transfer

Pump One (1)

Discuss ion

The system is not a viable candidate.

There Is insufficient space to include all the equipment required,
especially due to the space required by the vacuum collection assembly plus
the Grumman installations, all in the existing Sewage Treatment Space on
the Third Deck.

I

I.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 13 IERED Reduced Volume Flush Vacuum Collection/Grumman
Flow Through System for Gray Water/Incinerator for both

Concentrated Black Water and Gray Water Sludge

Required

Galley/Turbid Influent Surge Tank 922 gal. (123 cu. ft.)
Vacuum Collection Tank assembly 250 gal. (165 cu. ft.)
Fuel Oil Day Tank 112 gal. (15 cu. ft.)
Grumman Unit with Two (2) with Three (3)

Incinerators Thiokol Incinerators

Vacuum Collection Tank
"Transfer Pumps Three (3)

JInfluent Surge Tank Pumps Two (2)
G/T Holding Tank Overboard

Pump Two (2)

Discussion

The system is not a viable candidate.

There is Ins ufficient space to include all the equipment required,
expeclally due to the space required by the vacuum collection assembly plus
the Grumm an Installations with multiple incinerators, all in the existing
Sewage Treatment Space on the Third Deck.

4.9
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DISCUSSION OF INSTALLATION BASED ON SHIPCHICKS

Vessel: VIGOROUS (210')

WMS No. 14 GATX Reduced Volume Flush M/T Pump Collection/Holdlng
Tank for Conoentrated Black Water/H od1cnej 'Ternk

for Gray Water

Re urnd •

Sewage Holding Tank 1,742 gal. (2.33 cu. ft.)
Galley/Turbid Holding Tank la, 480 gal. (2069 du.. Mt.)

I,., ., .•. I, -

Sewage Holding Tank (2,
Overboard Pump Two (2)

G/T Holding Tank
Overboard Pu~mp Two (2).

Macerat r/Transfer Pump Nin. (9)

Discussion

The system installation is a viable candidate subject'to certain
limitations.

A fresh viate•r ganitaty flushing system would bc required,,

The system is similar to'Systeim No. I except that sewage collection
for this system is by macerator/transfer pumps instead of gravity',

The Sewage Holding Tank required capacity can apparently be met in
a tank approximately 6' L x 8' W x 6' H.

The equipment errangement would be as indicated for System No. 1.
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r-PROPOSED WMS EQUIPMENT ARRAINGEMCNr I
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____ WMS INSTALLATION COST ESTIMATES

Vessel VIGOROUS (210')

WMS No. 14

Inst~iletion !Quantity Required
COSt la1emnL Unit Awsumed Unit Cost (estimated Cost ($)Cos ElementI - number of units) I

I$4S/Lb. -,Piig% ,Pud I'-.8 o,/78
Poud.(Materials and Labor) 1

i•" •nkst e(•Pound's 4,1 2,• 206
Tank t.....P ., di • (Matmrials and Labor) 40 , 2,206

,' Foundeationo Powide 2,1 2,/2186)",!
(Materials and Labor) 2,410 2.218

Electric $ 2. 00/'t.
Cables (Materials and Labor) 300 600

Mtscallaneous
Instalattiona (pumes, Man.- $15.00/MNH
motorg, skidqmourntes Hours (Labor) 35 62,
coetmponen, e-.)!-Aac,,A Cuts (ý.n bull, - - - ... :

. dock plating or Feet $ 1.00/Ft. 55

bulkhead. to prwvid6 (Labor)

Welding Feet $ 6.00/Ft.
Wli (Materials and Labor) 80 480

-$5 0. 0 0/r. (6)
Cutting Hours 25 1 250

1 Cther Man- $15.00/MH
(miscellneous Hours (Labor) 35 525
handling)

Total Installation Cost ($),13,642

() Coppor-tIckol asumred.

(92 Ertmmate includes a factor of 60% added to allow for valves, flangui, fAtonp, takq-down Joints, etc.
(3) •ne. quarter La, plate amrned.
(4) Wimate includes a factor of 30% added to a&lLw tor requred btructural stiffening tor ptoper support.
(5) Estimatad on the bads ,of 10% G! the wei1 which hu to be supiprtad.
(6) Based on in asumed ,uttng rate of so ft. N/r.
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DISCUS'•!'?• ',P INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (z W)

WMS No. 15 GATX Reduced Volume Flush M/T Pump Collection/Incinerator
for Concentrated Black Water/Holding Tank for Gray Water

Required

Incinerator Feed Tank 125 gal. (17 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Fuel Oil Day Tank 61 gal. (8.2 cu. ft.)

Incinerator One (1) Jered
Incinerator Feed Pump One (1)
Incinerator Feed Tank One (1)

Overboard Pump
G/T Holding Tank Overboard

Pump Two (2)
Macerator/Transfer Pump Nine (9)

Discussion

The system installation is a viable candidate subject to certain
limitations.

A fresh water sanitary flushing system would be required.

Equipment would be arranged in the existing Sewage Treatment
Space on the Third Deck as follows: t

(a) The incinerator feed tank (approximately 2' L x 2' W x 4'-6" H)
would be located on the port side, aft.

(b) The Incinerator, blower, feed pump and fuel oil day tank would be
located on the starboard side.

As far as an Incinerator stack is concerned, see System No. 10 for
running the stack to the we adier.

Fire fighting protection and pissibly the space ventilation will have
to be modified.
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i ~ Vessel: VIGOROUS (210') i

System No. 15 (Cont'd)

(c) Due to lack of more space, the galley/turbid holding tank would
be restricted to 538 gallons (72 cu. ft.), approximately 4' L x 3' W x 6' H. It
would be located on the port side, forward.

(d) The pumps associated with the equipment would be located along
the vessel's centerline.

Drainage would be as follows:

(a) All sewage would be collected by macerator/transfer pumps
and discharged to the incinerator feed tank. Pumps would either feed it to
the incinerator or discharge It overboard or plerside according to prevailing
restrictions.

(b) Galley/turbid water would gravitate to the G/T holding tank
from which It would be pumped either overboard or to pierside. A

.I

so
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PROPOSED WMS EQUIPMENT ARRANGEMENT
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WMS INSTALLATION COST ESTIMATES

Vessel VIGOROUS (210')

WMS No. 15

Installation Quantity Required
stUnit Assumed Unit Cost (estimated Cost ($)

Cost Element number of units)
--ping(i) Pounds $ 4.60/Lb.2= (2)

(Materials and Labor) 3,33S 15,008

Tank Steel~} Pounds $ .SS/Lb.

(Materials and Labor) 2,345 1,290

ona sod $ .92/b.
Foundations Pounds (Materials and Labor) 1,095 1i008

Eleotric Feet $ 2. O0/Ft.
Cables - (Materials and Labor) 376 750

Miscellaneous

Installations (pumps, Man- $15.00/MH
motors, .kid.mounted Hours (Labor) 35 525

components, etc.) ___
Access Cuts (in hull,
deck plating or Feet $ 1.00/Ft. 55
bulkhead to provide (Labor)
passageway)

$ 6.00/Ft.
(Materials and Labor) 80 480

$50.00/Hr. (6)
Cutting Hours (Labor) 25 1,250

Other Man. $15.00/lvM-H

Oe(miscellaneous Hours (Labor) 35 525
handling)

Total Installation Cost ($) 20,891

(1) Copper-nickel assumed.

(2) Estimate Includes a factor of 50% added to allow fob valves, flanges, ftings, take-down Joints, etc. :A
(8) One-quartdr inch plste assumed.
(4) Estmate includes a factor of 30% Added to allow for required struotural itiffening for proper support.
(5) Estimated on the bada of 1016 of the weight which has to be supported.
(6) Bued on an assurnmed cuting rate of 50 ft. /hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 16 GATX Reduced Volume Flush M/T Pump Collection/GATX
Evaporator for Concentrated Black Water/Holding Tank

for Gray Water

Required

Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Evaporator Feed Tank 125 gal. (16.7 cu. ft.)

Evaporator (GATX) Three (3) - 60 gal.
Catalytic Oxidizer Three (3)
Evaporator Feed Pump Two (2)
Evaporator Feed Tank Overboard

Pump One (1)
G/T Holding Tank Overboard

Pump Two (2) I
Macerator/Transfer Pump Nine (9)

Discussion

The system installation is a viable candidate subject to certain
limitations.

Equipment could be located in the existing Sewage Treatment Space on
the Third Deck. The installation will be a little on the tight side depending on
how the final piping arrangement is installed, since a number of components
would have to be fitted on this rather small space.

A fresh water sanitary flushing system would be required.

Equipment could be arranged as follows:

(a) The evaporator feed tank (approximately 2' L x 2' W x 4'-3" H)
would be on the port side, aft.

(b) The evaporators and their vapor treatment equipment would
be located one on the vessel's centerline forward and two on the starboard side.

53
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Vessel: VIGOROUS (2 10')

Systum No. 16 (Cont'd)

(c) The minimum gray water holding tank discussed In System
No. I would be located on the port side, Just forward of the evaporator feed
tank.

(d) The evaporator feed pumps and the various overboard discharge
pumps would be arranged functionally near the equipment served.

Drainage would be as follows:

(a) All sewage would be collected by macerator/transfer pumps and
discharged to the evaporator feed tank.

(b) Sewage would be pumped either to the evaporators or to overboard
or pierside connections depending on prevailing restrictions.

(c) Sludge from the evaporators would be pumped overboard.

(d) Galley and turbid water would gravitate to the minimum gray
water holding tank for discharge either overboard or to pierside connections,
depending on restrictions.

54
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PROPOSED WMS EQUIPMENT ARRANGEMENT
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WMS INSTALLATION COST ESTIMATES

Vessel VIGOROUS (210')

WMS No. 1 3

Instal..at.o..- Quantity RequiredCost Element Unit Assumed Unit Cost (estimated Cost ($)
number of units)

Pouns $4.50/Lb.Piping() Pound- (Materials and Labor) 1,585 7,133

Tank Steel() Pounds $ .57/Lb. (4)(Materials and Vabor) 500 275

$ 92/tb. (5)

Foundation. Pounds $1 474'b,(8(Materials and Labor) 515 474

Electric Feet $ 2.00/Ft.
Cables (Materials and Labor) 450 900

Miscellaneous
Installations (pumps, Man- $15,00/MH
motors, skid-mounted Hours (Labor) 35 525
"3omponents, etc.)
Access Cuts (in hull, - -

deck plating or Feet $ 1,00/Ft.
bulkhead to provide (Labor)

-passageway) __,,_

WedigFet $ 6.00/Ft. 7042
Welding Feet (Materials and Labor) 420

$ 50. O0/Hr. ()
Cutting Hours (Labor) 25 1,250

SOther
S(miscellaneous Hours (Labor) 35 525

handling)

Total Installation Cost ($) 11,557

(1) Copper-octkel Assmed.
(2) Estimate include a factor of 80% added to allow for valves, flangus, fittings, take-down Joints, etc.
(3) One-quamez inch plate aaarnmd,
(4) Esdmate includes a factor of 3016 added to allow for required sructural stiffening for proper support.
(6) Estlmated on the bash of 101o6 of de weight which has to be supported.
(6) Based on an aunmed cutting rate of 80 ft. /hr.
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

Vessel: VIGOROUS (210')

WMS No. 17 GATX Reduced Volume Flush M/T Pump Collection/Holding
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

_Requi~red

Sewage Holding Tank 1,742 gal. (233 cu. ft.)
Galley/Turbid Influent Surge Tank 922 gal. (123 cu. ft.)
Sludge Holding Tank 1, 290 gal. (172 cu. ft.)

Grumman Unit without Incinerator Two (2)
Sewage Holding Tank Overboard Pump Two (2)
G/T Influent Surge Tank Pump Two (2)
G/T Influent Surge Tank Transfer Pump One (1)
Sludge Holding Tank Transfer Pump Two (2)
Maccrator/Transfer Pump Nine (9)

Discussion

The system is not a viable candidate.

There is insufficient space to include all the equipment required,
especially due to the space required by the Sewage Holding Tank and the
Grumman MSD's in the existing Sewage Treatment Space on the Third Deck.

t
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DISCUSSION OF INSTALLATION BASED ON SHIPCHECKS

rVessel: VIGOROUS (210')

WMS No. 18 GATX Reduced Volume Flush M/T Pump Collection/Grumman
Flow Throuqh System for Gray Water/Incincerator for both

Concentrated Black Water and Gray Water Sludge

Required

Sewage Surge Tank 122 gal. (16 cu. ft.)
Galley/Turbid Surge Tank 922 gal. (123 cu. ft.)
Fuel Oil Day Tank 112 gal. (15 cu. ft.)

Grumman Unit with Two (2) with Three (3)
Incinerators Thiokol Incinerators

Sewage Surge Tank
Transfer Pump Three (3)

Sewage Surge Tank
Overboard Pump One (I)

G/T Surge Tank Pump Two (2)
G/T Surge Tank

Overboard Pump One (1)
Macerator/Transfer Pump Nine (9)

Discugolon

The system is not a viable candidate.

There is insufficient space to include all the equipment required,
especially due to the sizes of the Grumman MSD's in the existing Sewage
Treatment Space on the Third Deck.
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel VIGOROU 2 ,.Sheet I of 10

WM E I - ADAPTABILITY FOR SHIPBOARD INSTALLATION

INSTALLATION CHARACTERISTIC

111 Required black water handling capacity for vessel versus actual capacity of WMS
(a) Actual cApacicy of WMS equals or exceeds required capacity for vessel.

(b) WMS marginally suitable for vessel (has 95-9916 of required -apacity).
(c) WMS capacity insufficient for vesse (leu than 95,&o of rejuaed capacity),

1 ... . .... 3 4 .5 1 6 1 7 1 9 10 11 1 16 1 1
Data c c N/A N/A N/A N/A N/A N/A c A N/A N/A A 1 A N/A NIA

112 Required gray water handling capacity for vese-I versus actual capacity of WMS

(a) Actual capacity or WMS equals or exceeds requred capacity for vessel,
(b) WMS marginally suitable for vessel (ha. 95-9W/o of required capacity).
(c) WX1S capacity insufflcient for vessel (less than 956 of required capacity).

Iým m 1 I s~ uT _T a 1011 11 11211 .4 15 6 11?11S

Data c c NIA NIA NIA NIA NIA NIA I o I c I N A I,/A c NIA EN/A

13 Fxtent of addiional support systems or equipment required to accommodate WMS( 11

(a) No additional Support systems or equipments required.
(b) Some additonal support systems or equlpment ntqunired. ro2) e M t foo

() Many additional support tnstems or evuipmenic requield. ru
(1) Ex m plest. Firefigh ting system m u st be Installed with inc inerator,

mBilgc alarm required if large tank Is Installed above bilge.
fCompresor roquired on vemeln that do not already have one,
oDetectors of tnxc or roelous gases should be ine.alled with ay system that, as an Inherent desgn

"z" feature, uses such gases in processing wastus.
• Needa for support sstem/neq.llpmcnt does not ,ign.'flcantly reduce WNMS suitability for on-board Installation.
3)Suitability of WAS for ins llacion on vessel significantly reduced.

21 pxm.nnt of fixtmre mo rifacatioos required for WMcllv. utallardon
i (a) No fixtures need modificati~on or replacement.
i (b) Some fixtures need modification or replaceme~nt.
!.(c) All commodes need replacement and modiftcatLon of urinal-associated equfp..rent (e.g. , urtival dischlarge valves)

is required.
(d) Al fixtures need replacoment or modification (e.g., replacement or comun•odes and urinal fPushomerers).

(e) All ftxutrs need replacement or modification and each flxrue has additional hoolcup requirements associated with Lt.

M, I S h 1 2 3 4 5IaJ7 S 9 10 11~i2 13 14 15 26 17 lis
Data / N N e ANI NI N/A NIA.( N:. /^ .'• c c ý:/ýA N A N,/Al e N IA/ IN,'
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WMS INMTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel VIGOROUS (210' Sheet 2 of 10

M/P I - ADAPTABILITY FOR SHIk',OARD INSTALLATION (Cont'r_)

INSTALLATION CIHARACTERISTIC

22 Extent of flush Medlitm supply modifications £gqulred for WMS Instalalorin

(a) Existing flliO medium is used.
(b) WMS reqi'lres coriversIon of flush medium to potable witer.
(c) WMs requires conversion of flush medium ct recirculating nin-aqueous medium.
(d) WMS requlre:'c:nvezson of flush medium to salt water. (-)

(C) Conversion to salt water requires pump re-lizing, tapping Into the sea-chest and provision for Its corrosive
properties. For PAMLICO, sa•t water would be used if the drain system were converted. to a standard flush
system (C.G. supplied informatiov).

S13. 4 .5 6 7 8 19 10 11 12 1is 14 15 1-6-1

Da ta a c NIA INIA IN/A IN/A NIA jN /A jb b N/A N/A N/A b b b N/A N/A

F21 Hookup requirementsl 1 ) for WMS Collection/Transport subsystem Installation

(a) No additiuonl hookup requirements beyond existing ones.
.(b) Requires piping for recirculation of flush medium in existing gravity drain system).
(c) Specini and cetruailled Collection/Transport subsystem required.
(d) Special and non-centralzed Collec ton/Trmnsport, ubr/stem required (Incljdeas canverslon from reduced flush vacuum

cuoection to a standard gravity drain system, with or without recirculation).

Drain pipingi electric cables co•accUng commode, M/T pump and control pacel In GATX, but Sot in .ERED. etc.

1 27 J 3 151 79 10 1 12 113 114 118 1 3.7 18
Data a b N N/A N/AN / 1A N/A N/A . O N/AN /AN/ d . d N/A N

232 Routing flexibility for drain piping modificadons (1) associated wit WNIS -,ollvcdon/Transport subsystern Ittalla-tonP"

(a) Routing is hIghly flexible. (3
(b) Routing is moderately flexlble, with jme restrictions,
(c) Routing Is highly Inflexible,

(1) Of the three relevant categories of routing of ines (piping, ventilation, elecrical,', piping Is the most impottatit
for M.- ISlng use of WMS Installation.

Noe•. : . With gravity drainage, lines must always slope downward and rotquixn venting.
. Smaller size lWes are Inherently more flexible,
. With the pump or vicuum Collecdonr/TrAnsport subsystem, sharp bends, rises and long runs ca3 be

)acommodated In piping.
In All cases, WN4S Installation is to be considered from the point of view of m. dIfIcations rctluired to oxIsting

conditions.

W 1 2 1 3 14 a- 1 6 [18 19 1 10 1 111 12 13W 14 15] 16 1i s
Data a a NI/A N/A NIA jNIA NIA N/A b bjN/A N/A N/A b h b N/A N/IA
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WMS INLSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vepse[ VIGO QO U ( 0) -.. Sheet 3 oi 10

W E I - ADAPTABILITY FOR SH4IPBOARD INSTALLATION (Cont'd)

INSTALLATION CHARACTERISTIC

233 Space requirements for WMS Collection/Transport subystem lnftallatlon.

,a) No additional space required,( 1 M
(b) Some addl4onal space required.'"!
(c) Large amount of additional space required.

E.g., MIT pumps in GATXI or small Inlluent surge tank.
(2E•E.g., large VCT in $EREDI or large inaqent surge tank, if not already installed,

%NSq 01 1 2 3 4 5 6 7 8 9 10 11 12 1 10 14 .j 5  161~[7 136

D a ta a a N/ A N/ A N /A N /A N/,A NI A b b I / A / A / A a I a a N / .A W A

234 Modularity of WMS Collectlon/Transport subsystem (as it affects inrstllation)(I)

(a) Degree of modularity of subsystem aids In Installation of C/T subeyltemý '"

(b) Degree of modularity of subsystem results in some (minimal) difficulty in installadon of C/T Subsystem.
(c) D".ee of modularity of subsystem results in moderate difficulty In installation of C/T subsystem.

(1) On vessels that do not currently have a WMS, a high dene. cf modularity aids in installation, and a high degree
of subsystem centralization (as in the .ERED) results in dtfilculties for Instatlatlon.

1 .2 1 

' 

1' 4 

I 

1 0 7 

1'1 

i

Data a N I/ N/A N/A INA N/A N•A b b N/A N.A.. ... a . .....

208 Vent requirements for WMS Colleotion/Tranport subsystem •ntulladon

(a) No vents are required other than the exisdng vents.
(b) Few vents are required in addition to the eximskng vents.
(C) Many vents are requ•red in addition to existing vents.

I,,, i 1 21 31 41 61 61 71 81 9i

41 Space requirements for %V,$S waste TreatrentlMsposal iubsystr Installaton

(a) Volume requined meninmnsio of equipment dresent no problems ft) lnning equIptten into avaiablet
compartment space,

(b) Volume required is moderate aud dimension s of equipment present no problems i n fittin g equipmen t into avallble
compartment space,(c) Volume and dimension( ) of equipment do present problem iu fitting equipii.ent i:,to available COthparttnrnt ,parCe

(J) Large volume requred and d ime nsion(1)'•f equipme nt do present probtee .n', fitting equipmentt Into availhibe

compartment space.

'M) The two main factors are (I) deck area required and (ii) height required,

%Ms 1 2 3 .. • 6 7 8 9 10 11 12 13 14 s . IT 1• - 1•

Data b NIA NIA N tA NI A b_ b N/AINJA N/AI . bN
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WMS INSTALLATION rurECTIVENU~S ATTF~IE3UTLE DATA

VerS0l VIGOR~OUS (210') Shee 4of1

M4L I -ADAPTABILITY FOR SHIF-BOARD !NSTA'LLATION (Cont'd)

INSTALLA4TION CHARACTERISTIC _ _ _

2422 Hook,.p require ninnts~l for WMS waste Treat men C/Disposei Nihysrem linstallaiUon

(a) Pipes, ducts, and/or cable requi~rements uae minirnal.
(b) Pip"s, ducts and/or cable retquirements are moderate.

()Pipes, ducts and/or cablc requirements are extensive.

P' PI.-S for el oil, fresh water, cooling water, compressed air, Inrercunvctiecssg reotnoely. located equipmeint,
overboard discharge line. otc. Ielectric cable.x tot pow4-r supply,,remote control panels, ac.; ducting forJ
ven tila tIon, Stu,

YM ~ 1 2 3 4 5 a1 7 8 90 10 11 1 3 1 1511-i- i

I. t a b N/=A N N I N/A IN/A IN/A N/A b b 'NIA NIA N/A b c N/ NA

'41 Degree of modularity of WNIS waste Treuitrnnt/Disposal (as it affenr-'s lnstallatlofl)(I)

a)D#.gree of nmodularity of subsystem aid& U in Istallaion of TiD subsystem.
(b) Degree of modularity of subsystem results In some (minimal) dtiifculry in Installation of liD subsystem.
(C) Degree of modularity of subsystem results in moderate difficulty In Installation of TiD subsystem,

C)Decentralizatioun of components may require additional hookups and piping runu.

NVN IS 1 2 a 4C 0 7 8 1 10 111 12 13 14 15 16 1 is
L~talA N/ __N/A / aa N/AA N/A a b b N/ A

244 vent requirements for WN1S wanste Treatmenc,'Disposal msbsysterss twsailation~1

(a) No vents are roqulired.
(bi) Vents are required.

()Vents that Are only Internal to the compartment In which subsystem is located are. nor considered here.

%A vs H 1 9 101 is18
Data a 1 N/AI N/Aj NIA IN/A IN/AI N/A h b _IN/A N/AI N1A Ib_ tb b N/AN/

245 Ex~haust stack requIrements for WMS waste Treatment/Dispusal subsystem instaiijtion~'

(b Ehas requivid, size of stack relatively large and stck ckan be run via existing ship's stack enclosureo. dde)
(c) E~xhaust required, size of stack relatively lmalle And stack c-an be run via existing ship's stack enclosure.(ide)

()Ehutrequired, tize of stack ri-Itively largel and stack cannot be run via existing ship's stack enclosure,

V - F~e lncinera tor requires larg CIO" exhausNtIN/
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel VIGQRQ US (210.'_ Sheet 5 of 10

M/E I - ADAPTABILITY FOR SHIPBOARD INSTALLATION (Cont'd)

INSTALLATION CHARACTERISTIC

28 Ease of Installing WMS suppoct rqtuipment(1 )

(a) No support equipment required.
(b) Some support equipment required but easy to install.
(c) Much support equipment required and difficult to install.

0.) Example4: Fredghting system must be instaUed with Incinerator.
. BliS Alarm required if large tank s Installed above bilge.
. Compressor required on veassels that do not already have one.

D eltectors of toxio or noidous gues should be lnstaUed with any system that, a an inherent
design feature, uses such gases in processing wastes.

UISI ±j2 3 4 B I 8 8 9 10 11 12 13 14 11 1 16 17 l18

Data b b I'N/A 'N/A N/A jN/A ITN/Ar N/A 1_b Ib INIA IN/A N/A Ib Ib I b _N/A IN/A

26 Ease of compensatng for added weight of WMS

(a) No or minimal oompinsadon fftr added weight required.
(b) Moderate compensation for added weight required.
(c) Extenlsve oompernatlon for added weight required.

S... ...... . -

hNISI 1 2 3 4 1B 5 6 17 1 8 9 1 10 11 12 13 14 15 16 17 is

Dru a N/A N/A I N/A N/A_ N/I N/A 1 a I b IN/A N/A IN/A b I b N/A N/A

271 Extent of SHIPALTS (permanent modificato-,) tequitod for WMS Instalaton(1

(a) No SHIPALTS required.
(b) Minor SHIPALTS required.
(c) Extent of SHIPALTS required Is moderate,
(d) Extensive SHIPALTS requirod.

(1) Foundations, enlarged doors/hatche, Increased capacity requirements for air compressor, etc..

1 2 I1 4~ 5 a16 7 1 8 0 10 11 12 3 14 15 17 s1
atz d N/A N/A N/A N/A N/A h d N/A N/A N/A b d b 'N/A • NAI

272 Extent of temporary mod•f€caion.() required for WMS installation

(a) No temporary modificatons required.
(b) Temporary modifications required are minor.
(c) Extent of temporary modIfications required are moderate.
(a) Temporary modifications required are extensive.

(1) Cuttng access openings., etc.

W 'I P 1 2 ~ 8 6 1718 19 I10 11 112 1 13 14115 116 Illj 18

D =an c C N/A N/A N/A N/A N/A N/A c c N/A N/A N/A C c c N/A N/A
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel VICORO1Tq (210'1 Sheet 6 of 10

0,I M/E - ADAPTABILITY FOR SHIPBOARD INSTALLATION (Contd)

1-C, N'STALLATION CHARACTERISTIC

31 Effect of WMS on Vesuel stability

(a) No effect on exaiing stability characteristcs of vessel.
(b) Some effect on exiatlng stability characteristics of vessel, easily compensated for.
(c) Severe effect on existdng stability charactedrisics of vesel, compeonsatiorn required extensive modltioaons co vessoel

Ce. ,, no tankage in Point Henon).
-Ms. 1 2 3 4 5 6 7 1 9 10 11 12 1•3m 14 13 17 . 18

Data a N/A N/A N•A IN/A N/A IN/A a NA N/A N/^ A I I_ NIA a_
32 Effect of WMS on vessel aim and ist

(a) No effect on tim or on Ust.
(b) Some easily compensated for effect on trim or list.
(c) Compensation for effect on tim or list requires extensive modification to vessel.

%A, ISI 12 I3 4 6 '7 10 11 112113114 1351 10] 1b
D at a I NIAI N.1[1 N/ANA N/A N/A aI I I a ~NI ANI

33 Effect of WMS on normal range of vesUel

Vowel resouce capacity and usage rates. --

WIMS ft 1 2 13 4 ' 10 11 12 13 14 1'~ 6 27r1

Data Pres " entd *on Vs. ..l Res&l meata s-1 1
34 Degree of space aade-off/reallocation required for WMW Installation

(a) No space tade-off/reallocation required.
(b) Ninimal degree of space trade-off/reallocation required.
(a) moderate degree of space trade-off/reaUocation mrquLted.
(d) High daeGre of Space raade-cff/reallocation required,

WMS 10 11 32 4.1± 18 11 Isse1 ~ iT i h T
Data a a N1A NIA N N NI I NIA N/A a a NI/ NIA I lA a a a NIA ,N/A

MAE II - PER.FORMAN~eCE

PERFORMANCE CHARACTERISTIC i

12 WNvw per capita wet wetght (b)(-W) . Wi

Drain piping material i assumed to be copper-nickel (CU-NI),

Data 570 55 N/A N!A N/A N/ Al N/ A 472 419 N/A N/A N/A 04t 4.10 321 N/A N/A
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel VICOROUS (210) Sheet 7 of 10

(1) Volumes are calculated as followss
Slxture volumes an calculated using smallest space envelopes.

K Ppe volume Is thi volume of a square tube with side u outide diameter of pipe.
O other equipments Deck areas smaUut rectangle enclosing all equipment In a single package plus extra

dimenuson amis required for operation and maintenance.
Heights either maximum height of equipment, or full compa.tment height, If space above

package Is not usable for any other purposes.
~Is 1 2 13 a 8 eN 7 t 80 9 101 111J121 1311411 18 117 1

Data 20.' 21.1 N/N/ N/A N/A N/ N/A NI A 21.2 21.8 N/A N/A N/A 01,4 920 29.0 N/A N/A

21 Adequacy of WMS black water holding times

HTb l ol of required black water holding tme met by WMS( 1 )

(A)A WMS which employs an Incinerator is considered to meet 1001o of the required holding time. The holding
time of a WMS which employs a holding tank (for wastewater or sludge) is determined by the ratio of available
t'k capacity to required capacity.

%Vii 0 1i 2 ,3 4 a 0 1 3 1 311 7

Data 40 s N/A N/A NAI _ IA IA 48 100 N/A N/A N/A 100 100 lion N/A N/A
-.12 - dequacy of WMS gray water holding times'

HT - 14 of required gray water holding time met by WMS( 1 )

(1) A WMS which employs An incinerator is considered to meet 10014 of the required holding time. The holding
time of a WMS which employs a holding tank (for wastewater or sludge) Is determined by the ratio of available
tank capacity to required capacit-.WMS# 1 2 3 4 8 6 1 8 9 10 11 12 13 14 11 16 1 1 11

Data 1 N/A N/A N/A IN/IA N/A N/A I N/A N/A N/A 1 3 1 'N/A N/A

311 Effect of peak hydraulic loads In black water atream on WMS pedornmAce
GISTb - 1. of required Grumman (or other) influent surge tank capacity In black water stream met by installation.

WMiS 1 2 3 4 8 8 7 8 9 10 1 11 12 13 14 18 16 17 is
Dam N/A NAIN I/ A N/A:N/A•/ N/A -- ] N/A N/ NA IN/ - NA NI/A
•31 Effect of peak hydraulic loads in gray water sream on W14 performlance . .

GUST!-• of required Grumman influent rage tank capaci/tyi gray water stream met by imn lswiion.

DAU . NI^ NIA •I^ N/ A NIA •I N IA .. .NIA N/A /A N/A" --- . . .- /

331 Ability uf black water portion of WMS to handle additional personnel (on a longuterm basis)
HTCo- = , of required black water (or sludge) holding tank capacity met by insullation.

WIMS5 #1 2 3 4 78 6 8 9 10 11 12 13 14 TI 18 17118
_EQU 40. 53 /^ IA / /^ /^ / 4 -- N/A NIA, N/Ar•o ... ! /NIA NA N N/A NN/Al100 -NIA A
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA
-_Vessel __l_ _ __ Sheet 8 of 10

WvVE II - PERFORMANCE (Cont'd)

PERFORMANCE CHARACTERISTIC

.302 Ability of gray water portion of WMS to handle additional peusonnel (on a long term basis)
HTCg -%_ of required gray water (or sludge) hodling tank capaciry met by Installation,

WS0 1 2 3 4 5 7 18 9 10 1 11 12 113 14 18 16 17 18
D~ata I I INl NII

- N/A INA NIA NI/A NINA I NIAl 1 1 1 NINA I N/A I N/At 1 3 I N/A I/

M/E IV - PERSONNEL SAFETY

SAFETY CHARACTERISTIC
21 Hazard of explosive potential for operaror/maintainer due to Inherant WMS design.

I - Insallation Index (for peraotrnnel safety)

(a) Likelihood of hazrdOu Situation is not increased due to location of any portion of WMS.
(b) Likelihood of hazardou situation Is I•creased due to proximity of any portion of WMS to working or berthing Area.
(c) Ukelhopod of hawdous situation Is increased due to proximity of any portion of WMS to Nael storage area.

w~1~ 121148117 s 91011121 14 115 G161 IS
Data a a /A N/A N /A N/IAN/ A I N/ A s c • NA N N/ A N/ A a I I a a N/A N/A

22 Hazard of explosive potential for operator/maiitAiner due to procedural error/equipment failures of WMS.

I.- Isallation Index (for personnel safety),

(a) Likelihood of hazardous situation Ls not Lnoreaied due to location of any portion of WMS.
(b) Likelihood of hazardous situatia.. Is Increased due .. ximltof any portiono WMS to worlkng or berthing area.
( a) Ukeithood of hazardous situation It Increased due to proximity of any portion of WMS to fuel Storage Area.w, ,is, n 21 3 1 4 1, 5• 1 0 1 1, 1 8 1 9 1I10 I,, 1 1-2 1 • 13 ]•; 14,, 16, I 7 1

D,,ta I a /A N ../ A I N/ I N I .A 1 NIA IN/A N IA c a I NA I NIA

31 Hazard of fire ignition potential due to Inherent WMS design

1 ihnstallation ldi. (or personnel safety

(a) Ukelihood of hamardos situation is not lncreued due to location of any portion of WMS.
(b) UkeLihood ofL hazardous situarton Is Increased due to proximity of any portion of WMS to woritng or berthing area.
(c) LUkrdlhood of hazardous situation is increased due to proximity of any portion of WMS to fuel storage area.

~ I~ _I 11 1 12 13 fi4 1 1510 1
Data NIA ýN/A IA NA NA a aNA NIA lNA -A c A NA

32 Hiazrd of fire ignition potential due to procedural errors/equipment failures of WMS.
I- Ina.aUntion Index (for peromel ,afbtv)

(a) Lkelihood of hazardous situation is not inore.wed due to location of any portion of tVS..
(b) LUAellhood of hazardous situation Is increased due to proxirmty of any portion of W1. to wordrtg or bertWln8 Mca.
I , i.txetiood of htaza ous situation is Inureaed due to proximity of any portion of.WMS to fuel stioraga area.

Ivs~ 1 2 13 14 6 5 6 '7 8 9 10 11.12 131 14 18 16 17 is

Data I a N/A IN/AN/A IN/A N/A N/A a c N/ A N/N/A a r N/A N/A~
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

Vessel VIGOROUS, (21_)_ Sheet 9 of 10

S~HABITABILITY CHARACTERISTIC

41 Heat generation for nearby personnel due to inherent WMS design

I - ,stallation index (for heat)

(a) Location of WMS Is not likely to ralse heat level due to proidmity to worldng and berthig area&.
(b) Location of WMS is likely to raise heat level due to proximity to working and berthing areas.

(1) For operatOr/malntalner/adjacent berthing and working areas,

0~s 1t 2 4 1 8 6 7 _~I e 1o 0_I_011 12j13 1 4 15 le 1 11 is
"7nta A A NA /ANA N/A A N A I N/ a b N/AN/AN/I a b a N/A N/A

42 Heat generation for nearby peonnel(l) due to procedural errors/equipment failures of WMs

I - Intalladon index (for heat)

(A) Location of WNIS Is not likely to raise heat level due to proximity to working and berthing areas.
(h) Location of WMS Ia Likely to raise heat level due to proximit, tk working and berthing aeas.

(1) For operator/main taner/adjaaest bt~iWlhiS and wotldng are&s

%%IS h 1 2 3 a 6 7 8 0 10 11 12 13 14 15 10 11 is

Datn aa N/A N/AN/A N/A N/A N/A a b N/A N/A N/A at b a N/AN/A

8 Noise level for personnel in vicinity of WMS(I)

I - Instalation index (for oise)

(a) Location of WMS is not likely to raise noise level due to proximity to working and berthing areas.
(b) Location of WMS is Ukely to raise nolse level due to proximity to working and berthing areas.

For operator/maintAiner/adJa.ent berthing and working areas.

1 I 2 3 4 1 5 1 6B 9 10 11 12 i 14 15 16 17 IS

Data a a N/A IN/A N N/A /NA N/ N /A a a N/A N/A N/A a a a N/A N/A

6 Vibration loyels for nearby personnel produced by %VMS mnachit.try

I - LnaLladon Index (for vibration)

(a) Location of WMS Is not likely to raise vibration level due to pxoximity to working and berthing areas.
(b) Location of WMS s likely to raise vibration level due to proximity to working and berthing areaa.

(1) For op rator/maintainer/adjacent berthing and working areas.

~AS~ 1 2 3 4 8 6 7 8 9 10 11 12 131_14 _I15 116 117 ...1_
DAta a -a N/A N/A N/A NI/A N/A N/A a a NA NIA N/A a A a N/A N/IA
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WMS INSTALLATION EFFECTIVENESS ATTRIBUTE DATA

VOssel Vie(;Opnlth, (210') Sheet 10 of 10

M/E VI - RELIABILITY

RELIABILITY CHARACTERISTIC

M2 Erent of WMS confilwalon redundancy

WMS equipment requirements..

Data Prelien d on WMR uMpie t Requ remenDa

M/E VII - MAINTAINABILITY

MAINTAINABILITY CHARACTERISTIO

13 1 Acceuibslwy of replaceable WMS components

(a) 4igh degree of phyuical clearance around WMS equipment,
• t" (b) Modeane do6 of olearance iltund WMS equipment.

(c) Very tght, I.e., very little arance around WNS equipment.

P M Is 0 1 21 3 1 41 6 0 7 81' 9 110 11111114 116 1
ýata L b b N/A N/A N/A N/A N/A N/A b b N/A N/A N/•A b c N/A N/A
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VIGOROUS (210')

CONCLUtDING REMA'IVKS

The following are points of consideration and observation relevantto this vessel, some of which have been included in the shipcheckobservations, and are reiterated for emphasis and convenience.

(a) The vessel in presently fitted with a CHT system, components ofwhich are located in the Sewage Treatment Space (3 - 8 4 -O-Q) on the Third Deck,Space is very much at a premium on this vessel. The Sewage Treatment Spacereflects this condition, although it is adequate for the existing Installation. Theseparate piping mains for black and gray water lead themselves for reuse wheresize and function permit. Existing piping connections would be reused where
possible.

(b) The lack of additional suitable space limits the location of anyWMS to the existing compartment. For some of the systems the arrangements
envisioned would be considered "tight",.

(c) Access to the Sewage Treatment Space for WMS installationsappears to the'limited to cutting through the ship's side via the fuel oil tankageport or starboard. This would require tank washing and gas freeing.

(d) The vessel is fitted with all support systems with the exception ýVof a fresh water flushing system. The fire portection and ventilation systemswould probably require modification to suit systems employing incinerating andother heat producing equipment,

(e) The vessel does not have a conventional stack, All engine exhaustis via horizontal runs aft and out the stern. This complicates matters in that itis difficult to determine how an incinerator stack can be led to the weather (seediscussion in shipcheck observations.

(f) There is no ballast system per se. Any weight compensation wouldhave to be by adjustment of existing on-board weights.

(g) Modern compartment Joiner work aboard makes it a practicalimpossibility to assess all the interferences posed by piping, ventilation andair conditioning ducts, wireways etc. This would have to be done at length
by a shipyard force,
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APPENDIX A

PRELIMINARY INSTALLATION ANALYSIS

VIGOROUS (210')

Vessel Date
Characteristic Data

Class WHEC - 627
Resolute (210') B Class

Type Medium Endurance Cutter

*Crew Size 60

Home Port New London, Conneotiout

A.1
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r!
SUMMARY OF PRELTMINARY INSTALLATION ANALYSIS RESULTS

VIGOROUS (210')

0 TYPE SYSTEM
Treatment/Disposal ACCEPTABILITY

Sub sBy Subsystem FOR
(Black) ac INSTAL

gravity Mo fig Holding
L Collect. Tank Tank Yes

6o2 Ch-yler Holding
" Recircul. +Hld Tnk Tank Yo _

3 (Chrysler Chrysler HoldingN
- - +Inoin. Tank. No
4 Om'vity Grum Flow Holding

Collect. rhru-+HldTk Tank
' Grumman) rumoan

+ Holdi!g Tank No

6 Gravity Holding Grum Flow
Collect, Tank Thru+HldTnk NoG ru m W-ow Holding "!!

7 Gravity GruFlow4 TNo
Colloent Grumman Flow Thru

+ incinerator No
Vacuum Holding Holding Y..
Collect. Tank(2) Tank ______,,

(1red) Incinerator Holding Y.sTa nk Y

11 GATX Holding NoEvap. Tank
12 Holding Grum Flow -

Tank(3) Thru+ ÷ld Tn No

13 Grum FlowIncinerator Gr +m NoThru + Incin. N

14 M/T Holding HoldingPump Tank Tank Yes

1 Collect. tncinarar Holding(GATX) Incinrato Tank Yes
GATX Holding Ye

16 Evap. Tank Yes
17 Holding Grum Flow

Tank Thru+Hld Tnk No
1i Incinerator Grum Flow

,Thru +Incin. No
(1) Based on

Information contained in available veasel plans.
, WWB Inatallalon requiremewt.
. WMS Installation criteria and guidelines.

(2) Two subchoicas available for WMS No, 9 As follows:
Oa - Concentrated black water transferred from VCT to holdin; tank (acceptable for all vauris).
9b - Concentrated black water held in VCT (acceptable for Point Herron only),

(3) Two aubchoices Available lot WMS No. 12 as follows,
12a - Concentrated black watet transferred hom VCT to holding tank (acceptable for all .'sictl5).
12b - Concentrated black water held In VCT (acceptable for Point Herron only).
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PERTINENT VESSEL INFORMATION

VIGOROUS (210')

Crew: 60 Men

Sanitary Fixtures: 17 Waterclosets
3 Urinals19 Lavatories

14 Showers

Eidsting Arrangement:

7he vessel Is fitted with separate drainage systems, one for
sewage and one for galley and turbid. The system drains from the various
spaces are combined with similar drains from other spaces where possible,
forming small mains which, in turn, combine and eventually enter the Sewage
Treatment Space (3-84-0-Q) on the Third Deck. ThMi space contains a Galley
and Tuhbid tank of approximately 100 gallons capacity and a Sewage T1tk of
approxirnately 680 gallons.

The sewage mains enter the sewage tank and the galley/turbid
mains enter the galley and turbid tau klbut a valved crossover permits gray water
to be routed to the sewage tank If necessary. There is no gravitatiornal syswim
overboard. Drains collected in these tanks are pumped overboard and to
pleraide via special connections In the weather, port and starboard.

There appear to be some spaces which are empty at present
but which are identified for future assignments (armament, navigation, etc.).
Thev will, b* verified at the shipaheck. Otherwise, there does not appear to

be much spa-:e available for system component Installations. Also there is
no ship's stock, since engine exhausts are routed aft through the stern. Th,#;e-
fore, runninkg Incinerator stacks will require particular investigation.

A-3
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PRELIMINARY INSTALLATION ANALYSIS OF INDIVIDUAL CANDIDATE SYSTEMS

Vessel: VIGOROUS (210')

WMS No. 1 Full Volume Flush Gravity Collection/Holding Tank for
Black Water/Holding Tank for Gray Water

Sewage Holding Tank 5,418 gal. (724 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Sewage Holding Tank

Overboard Pump Two (2)
G/T Holding Tank

Overboard Pump Two (2)

Discussion

The system installaticn appears to be acceptable subject to certain
limitations.

Equipment would he arranged in the existing Sewage Treatment
Space (3-84-0-Q) on the Third Deck as follows:

(a) Due to space limitations the Sewage Holding Tank would be
ieulcted Lo 21S4 gallons (288 cu. It.). The tank would be approxlmately
6' L x 8' W x 6' H and would straddle the vessel's centerline at the forward

end of the compartment.

(b) The galley and turbid drains cannot gravitate overboard since
the vessel's waterline is just under the Second Deck level. Therefore, a
minimum gray water holding tank would be fitted. The tank would be 150
gallons (20 cu. ft.), approximately 2 feet in diameter by 6 feet high, and
located aft and to starboard of the Sewage Holding Tank.

(c) The Sewage Holding Tank Overboard Pump and the Gray
Water Holding Tank Overboard Pump would be located at the aft end of the
comparunent.

Drainage would be as follows:

(a) Sewage from all 3paces would grdvitate to the Sewage Holding
Tank for discharge overboard and pierside via the tank's pumps.

(b) Galley and Turbid water would gravitate to the small gray
water holding tank for discharge overboard in unrestricted waters and for
pierside discharge.
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Vessel: VIGOROUS (210')

WMS No. 2 Full Volume Flush Oil Recirculation and Gravity Collection/
Chrysler System with Sludge Holding Tank forSewage/Holding Tank for Gray Water

Required

Sewage Holding Tank 1,011 gal. (135 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)

Chrysler Model and Quantity

Option A Option B Option C

Separation Tank One (1)-A/B One (1) A & Three (3)-A
One (1) A/B

Fluid Maintenance and
Pump Package One (1)-A Two (2)-A Three (3)-A

Sewage Holding Tank Two (2)
Overboard Pump

G/T 1lolking T axk Over- Two (2)
board Pump

Discussion A

The system installation appears to be acceptable subject to certain
limitations.

Equipment would be arranged in the existing Sewage Treatment Space
on the Third Deck as follows:

(a) Due to space limitations the Sewage Holding Tank would be
restricted to 538 gallons (72 cu. ft.), approximately 3' L x 4' W x 6' H, located
at the forward starboard end of the compartment.

(b) The minimum gray water holding tank discussed in System No. I
would be located in the aft starboard corner of the compartment.

(c) There is room only for Chrysler Option A. The components
would be fitted along the ship's centerline, with the Separation Tank aft.
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Vessel: VIGOROUS (210')

System No. 2 (Cont'd)

(d) The tank overboard discharge pumps would be located aft of
the Sewage Holding Tank.

Drainage would be as follows:

(a) Sewage from all spaces except the gazbag, grinder would
gravitate to the Chrysler Separation Tank.

(b) Garbage grinder drains would gravitate to the Sewage Holding
Tank.

(c) Galley/Turbid drains would gravitate to the small gray water
holding tank for discharge -"verboard in unrestricted waters and to the Sewage
Holding Tank or pierside when ovcvbo•-d discharge is not permitted.

I

I
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Vessel: VIGOROUS (210')

VVMS No. 3 Full Volume Flush oil 1ýecirculation and Gravity Collection/Chrysler System with Incinerator for
Sewage/Holding Tank for Gray Water

Reguired

Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Sludge Surge Tank One (1) -Model B
Incinerator Model and Quantity One (1) - Model C

Chrysler Model and Quantity Option A Option B Option C

Separation Tank One (I)-A/B One (1)-A Three (3)-A
One (I)-A/B

Fluid Maintenance
and Pump Package One (1) -A Two (2) -A Three (3) -A,!

Sludge Surge Tank
Transfer Pump One (1)
Overboard Pump One (1) .1

Galley/Turbid Holding Tank
Overboard Pump Two (2)

Discussion

The system installation does not appear to be acceptable.

The Chrysler Option A components, a minimum gray water holding

tank (similar to System Nos. I and 2), the Sludge Surge Tank and the pumps
can be fitted in the compartment. However, there is insifficient room for the
incinerator installation.

AI
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Vessel: VIGOROUS (21 0')

WMS No. 4 Full Volume Flush Gravity Collection/Grumman Flow Through

System with Sludge Holding Tank for Black Water/
Holding Tank for Gray Water

Required

Sewage Influent Surge Tank 313 gal. (42 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Sludge Holding Tank 452 gal. (60 cu. ft.)

Grumman Unit without
Incinerator One (1)

bafluent Surge Tank Pump One (1)
Influent Surge Tank Overboard

Pump Two (2)
Galley/Turbid Holding Tank

Overboard Pump Two (2)
Sludge Holding Tank Transfer

Pump One (1)

Discussion

The system installation does not appear to be acceptable.

Due to the quantity and configuration of the equipment required and
the piping involved, there appears to be insufficient space available for a
functional arrangement and for maintenance and repair in the existing Sewage
Treatment Space on the Third Deck.
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Vessel: VIGOROUS (210')

WMS No. 5 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Holding Tank for Combined

Black and Gray Waters

Beguired

Influent Surge Tank 1235 gal. (165 cu. ft.)
Sludge Holding Tank 1742 gal. (233 cu. ft.)

Grumman Unit without
Incinerator Two (2)

Influent Surge Tank Pump Two (2)
Influent Surge Tank Overboard

Pump Two (2)
Sludge Holding Tank Transfer

Pump One (1)

Discussion ]
The system installation does not appear to be acceptable.

There Li insufficient space to include all the equipment required
especially due to the space required by the Grumman MSD's in the existingSewage Treatment Space on the Third Deck.
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WMS No. 6 Full Volume Flush Gravity Collection/1Holding Tank for
Black Water/Grumman Flow Through System with

Sludge Holding Tank for Gray Water

R equired

G/T Influent Surge Tank 922 gal. (123 cu. ft.)
Sewage Holding Tank 5,418 gal. (724 cu. ft.)
Sludge Holding Tank 1, 290 gal. (172 cu. ft.)
Optional Combined Sewage/

Sludge Holding Tank 6,708 gal. (897 cu. ft.)

Grumman Unit without
Incinerator Two (2)

Sewage Holding TankOverboard Pump Two (2)hMuent Surge Tank Pump Two (2)
Influent Surge Tank Tran.9fer

fn one (1)
Sludge Holding Tank TransferPump one (1)

Discussion

The system installation does not appear to be acceptable.

There Is insufficient space available In the existing Sewage TreatientSpace on the Third Deck for anything other than a partial capacity Sewage
Holding Tank and its overboard/pierside pumps.

A

A-10



Vessel: VlGO)ROUS (2101)

WMS No. 7 Full Volume Flush Gravity Collection/Grumman Flow Through

'System with Sludge Incinerator for Black Water/Holding
Tank for Gray Water

Required

Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Sewage Influent Surge Tank 313 gal. (42 cu. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu. ft.)

Grumman Units with Incinerator One (1) with One (1) Thiokol
Influent Surge Tank Pump One (1)
Influent Surge Tank Overboard

Pump Two (2)
Galley/Turbid Holding Tank

Overboard Pump Two (2)

Discus~sion

The system installation does not appear to be acceptable.

There is insufficient space to include all the equipment required,
especially due to the space required by the Grumman MSD in the existing
Sewage Treatment Space on the Third Deck.
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Vessel: VIGOROUS (210')

WMS No. 8 Full Volume Flush Gravity Collection/Grumman Flow Through
System with Sludge Incinerator for Combined

Black and Gray WatersI;
Regiired

Influent Surge Tank 1,235 gal. (165 cu. ft.)
Fuel Oil Day Tank 25 gal. (3.3 cu. ft.)

Grumman Units with Two (2) with
Incinerators Two (2) Thiokol Incinerators

Influent Surge Tank Pump Two (2)
Influent Surge Tank Overboard

Pump Two (2)

Discussion

The system installation does not appear to be acceptable.

There is Insufficient space to include all the equipment required,
especially due to the space required by the Girumman MD'es vltih theLL
icinerators in the existing Sewage Treatment Space on the Third Deck.
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Vessel: VIGOROUS (210')

WMS No. 9 JERED Reduced Volume Flush Vacuum Collection/Holdlng
Tank for Concentrated Black Water/Holding Tank

for Gray Water

Required

Vacuum Collection Tank Ass'y 250 gal. (165 cu. ft.)
Sewage Holding Tank 1, 540 gal. (206 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)

Sanitary Holding Tank
Overboard Pump Two (2)

Galley/Turbid Holding
Tank Overboard Pump Two (2)

Discussion

The system installation appears to be acceptable subject to certain

limitations.

Re-use of existing piping arrangements would have to be considered.

A fresh water sanitary flushing system would be required.

Equipment would be arranged in the existing Sewage Treatment Space

on the Third Deck as follows: I

(a) Due to space limitations the Sewage Holding Tank would be

restricted to 740 gallons (99 cu. ft.), approximately 5'-6" L x 3' W x 6' H,

located in the aft end of the compartment, port side.

(b) The minimum gray water holding tank discussed in System No. I
would be located at the forward end of the compartment, port side.

(c) The vacuum collection tank assembly would be located at the

forward end of the compartment, starboard side.

(d) The various overboard/pierside discharge pumps would be

located at the aft end of the compartment, starboard side.

A-13
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Vessel: VIGOROUS (210') 5548

System No. 9 (Coni'd)

Drainage would be as follows:

(a) Sewage from all spaces would be collected by vacuum in the
vacuum collection tank assembly. The garbage grinder drains would require
a special vacuum valve similar to a urinal discharge rype valve to permit
proper collection.

(b) Galley and Turbid drains would gravitate to the small gray
water holding tank for discharge overboard In unrestricted water and to
the Sewage Holding Tank or pierside when overboard discharge is not
permitted.
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Vessel: VIGOROUS (210')

WMS No. 10 JERED Reduced Volume Flush Vacuum Collection/Incinerator
for Concent rated Black Water/Holding Tank for Gray Water

Required

Vacuum Collection Tank Assembly 250 gal. (165 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Fuel Oil Day Tank 61 gal. (8.2 cu, ft.)

Incinerator One (1) Jered
Galley/Turbid Holding Tank

Overboard Pump Two (2)

Discussion

The system installation appears to be acceptable subject to certain
limitations.

Re-use of existing piping arrangements would have to be considered.
A fresh water sanitary flushing system would be required.

Equipment would be arranged in the existing Sewage Treatment Space
on the Third Deck as follows:

(a) The vacuum collection tank assembly would be fitted at the aft end
of the compartment, predominantly to port. ,

(b) The incinerator, blower and ,uel oil day tank would be fitted to
starboard of the vessel's centerline.

(c) The vessel does not have a stack, since the diesel engine
exhausts run aft to the weather via the transom stern. This apparently will
offer complications as to if and how the incinerator stack can be satisfactorily
led to the weather. The vessel will have to be carefully checked in this regard.
Fire fighting protection and space ventilation will also have to be checked for I
adequacy.

(d) A minim um gray water holding tank (approximate 2'-3" L x
i'-6" W x 6' H) would be fitted at the forward end, port side.
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Vessel: VIGOROUS (2101)

System No. 10 (Cont'd)

(e) The gray water holding tank pump would be located in the

forward starboard corner.

Drainage would be as follows: ey

(a) Sewage from all spaces would be collected by vacuum In the
vacuum collection tank assembly. The garbage grinder drains would require
a special vacuum valve similar to a urinal discharge type valve to permit
proper collection.

(b) Galley and Turbid drains would gravitate to the small gray
water holding tank for discharge overboard and to plerside.
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Vessel: vIGoRoUs (210')

WMS No. 11 JERED Reduced Volume Flush Vacuum Collection/GATX
Evaporator for Concentrated Black Water/Holding Tank

for Gray Water

Required

Vacuum Collection Tank Assembly 250 gal. (165 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)

Evaporator (GATX) Three (3)-60 gal.
Catalytic Oxidizer Three (3)
Galley/Turbid Holding Tank

Overboard Pump Two (2)

Discussion

The system installation does not appear to be acceptable.

There is insufficient space to include all the equipment required,
especially due to the space required to fit all the evaporators and their piping
in the existing Sewage Treatnent Spe.ce on the Third Deck.
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Vessel: VIGOROUS (210')

WMS No. 12 JERED Reduced Volume Flush Vacuum Collection/Holding
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

Required

G/T Influent Surge Tank 922 gal. (123 cu. ft.)
Sludge Holding 1, 290 gal. (172 cu. ft.)
Vacuum Collection Tank Assembly 250 gal. (165 cu. ft.)
Sewage Holding Tank 1,540 gal. (206 cu, ft.) i

Grumman Unit without Incinerator Two (2)
Influent Surge Tank Pump Two (2)
Sewage Holding Tank Overboard

Pump Two (2)
Sludge Holding Tank Transfer

Pump One (1)

Discussion

The system installation does not appear to be acceptable.

There is insufficient space to include all the equipment required,
especially due to the space required by the vacuum collection assembly plus

the Grumman installations, all in the existing Sewage Treamnnt Space on
the Third Deck.
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Vessel: VIGOROUS (210')

WMS No. 13 JERED Reduced Volume Flush Vacuum Collection/Grumman
Flow Through System for Gray Water/Incinerator for both

Concentrated Black Water and Gray Water Sludge

Required

Galley/Turbid Influent Surge Tank 922 gal. (123 cu. ft.)
Vacuum Collection Tank assembly 250 gal. (165 cu. ft.)
Fuel Oil Day Tank 112 gal. (15 cu. ft.)

Grumman Unit with Two (2) with Three (3)
Incinerators Thiokol Incinerators

Vacuum Collection Tank
Transfer Pumps Three (3)

Influenc Surge Tank Pumps Two (2)
G/T Holding Tank Overboard

Pump Two (2)

Discussion

The system installation does not appear to be acceptable.

There is insufficient space to include all the equipment required,
expeclally due to the space required by the vacuum collection assembly plus
the Grumman installations with multiple incinerators, all in the existing
Sewage Treatment Space on the Third Deck.
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Vessel: VIGOROUS (210')

WMS No. 14 GATX Reduced Volume Flush M/T Pump Collection/Holding
Tank for Concentrated Black Water/1-iolding Tank

for Gray Water

Required

Sewage Holding Tank 1,742 gal. (233 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft'.)

Sewage Holding Tank
Overboard Pump Two (2)

G/T Holding Tank
Overboard Pump Two (2)

Macerator/Transfer Pump To be shipchecked

Discussion

The system installation appears to be acceptable subject to certain
limitations.

A fresh water sanitary flushing system would be required.

The system is similar to System No. I except that sewage collection
for this system is by macerator/transfer pumps instead of gravity.

The Sewage Holding Tank required capacity can apparently be met in
a tank approximately 6' L x 8' W x 6' H.

The equipment arrangement would be as indicated for System No. 1. 1

iI

41
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Vessel: VIGOROUS (210')

WMS No. 15 GATX Reduced Volume Flush M/T Pump Collection/Incinerator
for Concentrated Black Water/Holding Tank for Gray Water

Required

Incinerator Feed Tank 125 gal. (17 cu. ft.)
Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Fuel Oil Day Tank 61 gal. (8.2 cu. ft.)

Incinerator One (1) Jered
Incinerator Feed Punp One (1)
Incinerator Feed Tank -One (1)

Overboard Pump
G/T Holding Tank Overboard

Pump Two (2)
Macerator/Transfer Pump To be shipchecded

Discussion

Tho systom in tallaction appears to be acceptablo subject to certain
limitations.

A fresh water sanitary flushing system would be required.

Equipment would be arranged in the existing Sewage Treatment
Space on the Third Deck as follows:

(a) The incinerator feed tank (approximately 2' L x 2' W x 4'-6" H)
would be located on the port side, aft.

(b) The incinerator, blower, feed pump and fuel oil day tank would be
located on the starboard side.

As far as an incinerator stack is concerned, see System No. 10 for
the problem of finding a suitable run to the weather.

Fire fighting protection and space veniilation will also have to be
checked for adequacy.
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Vessel: VIGOROUS (210')

System No. 15 (Cont'd)

(c) Due to lack of more space, the galley/turbid holding tank would
be restricted to 538 gallons (72 cu. ft.), approximately 4' L x 3' W x 6' H. It
would be located on the port side, forward.

(d) The pumps associated with the equipment would be located along
the vessel's centerline.

Drainage would be as follows:

(a) All sewage would be collected by macerator/transfer pumps
and discharged to the incinerator feed tank. Pumps would either feed it to
the incinerator or discharge it overboard or pierside according to prevailing
restrictions.

(b) Galley/turbid water would gravitate to the G/T holding tank
from which it would be pumped either overboard or to pierside.
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Vessel: VIGOROUS (210')

WMS No. 16 GATX Reduced Volume Flush M/T Pump Collectlon/GATX
Evaporator for Concentrated Black Water/Holding Tank

for Gray Water

Requireod

Galley/Turbid Holding Tank 15,480 gal. (2069 cu. ft.)
Evaporator Feed Tank 125 gal, (16.7 cu. ft.)

Evaporator (GATX) Three (3) - 60 gal.
Catalytic Oxidizer Three (3)
Evaporator Feed Pump Two (2)
Evaporator Feed Tank Overboard

Pump One (1)
G/T Holding Tank Overboard

Pump Two (2)
Macerator/Transfer Pump To be Shipchecked

Discussion

The system installaiion appvus to be accepcable subjeut to certain
limitations,

Equipment could be located in the existing Sewage Treatment Space on
the Third Deck. The installation will be a little on the tight side depending on
how the final piping arrangement is Installed, since a number of components
would have to be fitted on this rather small space.

A fresh water sanitary flushing system would be required.

Equipment could be arranged as follows:

(a) The evaporator feed tank (approximately 2' L x 2' W x 4'-3 H)
would be on the port side, aft.

(b) The evaporators and their vapor treatment equipment would
be located one on the vessel's centerline forward and two on the starboard side.
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Vessel: VIGOROUS (210')

System No. 16 (Cont'd)

(c) The minimum gray water holding tank dJý -.ssed In System
No. 1 would be located on the port side, just forward of the evaporator feed
tank.

(d) The evaporator feed pumps and the various overboard discharge
pumps would be arranged functlonally near the equipment served.

Drainage would be as follows:

(a) All sewage would be collected by macerator/transfer pumps and
discharged to the evaporator feed tank.

(b) Sewage would be pumped either to the evaporators or to overboard
or pierside connections depending on prevailing restrictions.

(c) Sludge from the evaporators would be pumped overboard.

(d) Galley and turbid water would gravitate to the minitmum gray
water holding tank for dclshaxge elther oveabwaxd or to plerside connoctluns,
depending on restrictions.

A2
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Vessel: VIGORCOUS (210')

WMS No. 17 GATX Reduced Volume Flush M/T Pump Collection/Holding
Tank for Concentrated Black Water/Grumman Flow

Through System with Sludge Holding Tank for Gray Water

Required

Sewage Holding Tank 1,742 gal. (233 cu. ft.)
Galley/Turbid Influent Surge Tank 922 gal. (123 cu. ft.)
Sludge Holding Tank 1, 290 gal. (172 cu. ft.)

Grumman Unit without Incinerator Two (2)
Sewage Holding Tank Overboard Pump Two (2)
G/T Influent Surge Tank Pump Two (2)
G/T Influent Surge Tank Transfer Pump One (1)
Sludge Holding Tank Transfer Pump Two (2)
Macerator/Transfer Pump To be shipchecked

Discussion.

The system installation does not appear to be acceptable.

There is insufficient space to include all the equipment required,
especially due to the space required by the Sewage Holding Tank and the
Grumman MSD's In the existing Sewage Treatment Space on the Third Deck.
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Vessel: VIGOROUS (210')

WMS No. 18 GATX Reduced Volume Flush M/T Pump Collection/Grumman
Flow Through System for Gray Water/Incincerator for both

Concentrated Black Water and Gray Water Sludge

Reciuired

Sewage Surge Tank 122 gal. (16 cu. ft.)
Galley/Turbid Surge Tank 922 gal. (123 cu. ft.)

Fuel Oil Day Tank 112 gal. (15 cu. ft.)

Grumman Unit with Two (2) with Three (3)

Incinerators Thiokol Incinerators

Sewage Surge Tank
Transfer Pump Three (3)

Sewage Surge Tank
Overboard Pump One (1)

G/T Surge Tank Pump Two (2)
G/T Surge Tank

Overboard Pump One (1)
Macerator/Transfer Pump To be shipchecked

Discumsion

The system installation doeh not appear to be acceptable.

There is insufficient space to include all the equipmeut required,

especially due to the sizes of the Grumman MSD's in the existing Sewage

Treatment Space on the Third Deck.
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